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L17 ANSWER 1 OF 1 CAPLUS COPYRIGHT 2002 ACS 
ACCESSION NUMBER: 1968:473932 CAPLUS 

DOCUMENT NUMBER: 69:73 932 

TITLE: The self-assembly of a nucleic-acid free 

pseudo- top component for a small spherical 
virus 

AUTHOR (S) : Bancroft, J. B.; Wagner, G. W.; Bracker, C. E. 

CORPORATE SOURCE: Purdue Univ., Lafayette, Indiana, USA 

SOURCE: Virology ,(1968), 36 (1), 146-9 

CODEN: VIRLAX 
DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

TI The self-assembly of a nucleic-acid free pseudo-top component 

for a small spherical virus 
SO Virology (1968), 36(1), 146-9 

CODEN: VIRLAX 
AU Bancroft, J. B.; Wagner, G. W.; Bracker, C. E. 

AB Protein, isolated from cowpea chlorotic mottle virus, when dialyzed 
overnight at 6. degree, against 0.2M NaCl-O.OlM NaOAc, pH 5.0, formed 
nucleic acid-free spheres, which unlike any naturally occuring plant 

virus 

top component, differed in charge from the virus. The particles were 

52S, 

had a dry diam. of 250 A., and an electrophoretic mobility in 0.2M NaCl 

of 

4.3 .times. 10-5 cm . 2v . -lsec . - 1 . The particles did not differ 
antigenically from the virus . 
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L13 ANSWER 1 OF 1 CAPLUS COPYRIGHT 2 002 ACS 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR (S) : 
CORPORATE SOURCE: 



2 0 02 : 3572 3 7 CAPLUS 
137 :89946 

Conformational Changes Accompanying Self -Assembly of 

the Hepatitis C Virus 
r £ore _ Protein / , 

; Kunkel, Meghan; Watowich, Stanley J. (fflN^A/W^ r 

Department of Human Biological Chemistry & Genetics 

and the Sealy Center for Strucutral Biology, 



University of Texas Medical Branch, Galveston, TX, 
77555, USA 

SOURCE: Virology (2002), 294(2), 239-245 

CODEN: VIRLAX; ISSN: 0042-6822 
PUBLISHER: Elsevier Science 

DOCUMENT TYPE: Journal 
LANGUAGE : English 

TI Conformational Changes Accompanying Self -Assembly of the Hepatitis 

C Virus Core Protein 
SO Virology (2002), 294(2), 239-245 

CODEN: VIRLAX; ISSN: 0042-6822 
AU Kunkel, Meghan; Watowich, Stanley J. 

AB Although a no. of recent studies have suggested that the function of the 
hepatitis C virus (HCV) core protein may be 

both to package the viral genome and to modulate host cellular processes, 
little is known of the structure of the core protein necessary to 
accomplish these functions. Using in vitro assembled particles that 

mimic 

essential features of native HCV nucleocapsids , we report the 
earliest structural information of the HCV core protein and its 
nucleocapsid. The core protein is proteinase-resistant when 
assembled into nucleocapsid-like particles or complexed with 
nucleic acid in vitro. In contrast, the highly basic amino terminus of 
the free core protein is sensitive to proteolytic digestion. The 
hydrophobic carboxyl- terminal region of the core protein stabilizes the 
structure of the free core protein but is not required to stabilize core 
protein assembled into nucleocapsid-like particles or complexed 
to nucleic acid. Significantly, the carboxyl -terminal region is 
sufficient, but not necessary, to fold the core protein into a stable 
structure. These data are consistent with a model of a partially 
flexible 

HCV core protein that undergoes extensive conformational changes upon 

binding to nucleic acid and assembling into nucleocapsid 

particles. In addn., the susceptibility of nucleocapsid 

particles to RNase digestion suggests that RNA-core interactions may 

stabilize HCV nucleocapsids. 

REFERENCE COUNT: 26 THERE ARE 2 6 CITED REFERENCES AVAILABLE FOR 

THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE 

FORMAT 
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ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 
protease 

AUTHOR (S) : 
Giovanni 

CORPORATE SOURCE: 

SOURCE : 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 

TI Chimeric Sindbi 



CAPLUS COPYRIGHT 2 002 ACS 
1997:56543 CAPLUS 
126:101682 

Chimeric Sindbis viruses dependent on the NS3 
of hepatitis C virus 

Filocamo, Gessica; Pacini, Laura; Migliaccio, 

Istituto di Ricerche di Biologia Molecolare P. 

Angeletti, Pomezia, 00040, Italy 

Journal of Virology (1997), 71(2), 1417-1427 

CODEN: JOVIAM; ISSN: 0022- 53 8X 

American Society for Microbiology 

Journal 

English 

s viruses dependent on the NS3 protease of 



hepatitis C virus 

SO Journal of Virology (1997), 71(2), 1417-1427 
CODEN: JOVIAM; ISSN: 0022-538X 

AU Filocamo, Gessica; Pacini, Laura; Migliaccio, Giovanni 

AB The hepatitis C virus (HCV) NS3 protease 

cleaves the viral polyprotein at specific sites to release the putative 
components of the HCV replication machinery. Selective inhibition of 

this 

enzyme is predicted to block virus replication, and NS3 is thus 
considered 

an attractive candidate for development of anti-HCV therapeutics. To set 
up a system for anal, of NS3 protease activity in cultured cells, we 
constructed a family of chimeric Sindbis viruses which carry sequences 
coding for NS3 and its activator, NS4A, in their genomes. HCV sequences 
were fused to the gene coding for the Sindbis virus structural 
polyprotein 

via an NS3 -specific cleavage site, with the expectation that processing 

of 

the chimeric polyprotein, nucleocapsid assembly, and generation 
of viable viral particles would occur only upon NS3 -dependent 
proteolysis . 

Indeed, the chimeric genomes encoding an active NS3 protease produced 
infectious viruses in mammalian cells, while those encoding NS3 
inactivated by alanine substitution of the catalytic serine did not. 
However, in infected cells chimeric genomes recombined, splicing out HCV 
sequences and reverting to pseudo-wild-type Sindbis virus. To 
force retention of HCV sequences, we modified one of the initial chimeras 
by introducing a second NS3 cleavage site in the Sindbis virus portion of 
the recombinant polyprotein, anticipating that revertants not encoding an 
active NS3 protease would not be viable. The resulting chimera produced 
infectious viruses which replicated at a lower rate than the parental 
construct and displayed a marked temp, dependence in the formation of 
lysis plaques yet stably expressed NS3 . 

L7 ANSWER 2 OF 2 BIOSIS COPYRIGHT 2002 BIOLOGICAL ABSTRACTS INC. 
ACCESSION NUMBER: 1997:81269 BIOSIS 
DOCUMENT NUMBER: PREV199799387972 

TITLE: Chimeric Sindbis viruses dependent on the NS3 protease of 

hepatitis C virus. 

AUTHOR (S) : Filocamo, Gessica; Pacini, Laura; Migliaccio, Giovanni (1) 

CORPORATE SOURCE: (1) Istituto di Ricerche di Biologia Molecolare P. 

Angeletti, Via Pontina km 30.600, 00040 Pomezia Italy 
SOURCE: Journal of Virology, (1997) Vol. 71, No. 2, pp. 

1417-1427 . 

ISSN: 0022-538X. 
DOCUMENT TYPE: Article 
LANGUAGE : Engl i sh 

TI Chimeric Sindbis viruses dependent on the NS3 protease of 

hepatitis C virus. 
SO Journal of Virology, (1997) Vol. 71, No. 2, pp. 1417-1427. 

ISSN: 0022-538X. 

AU Filocamo, Gessica; Pacini, Laura; Migliaccio, Giovanni (1) 

AB The hepatitis C virus (HCV) NS3 protease 

cleaves the viral polyprotein at specific sites to release the putative 
components of the HCV replication machinery. Selective inhibition of this 
enzyme is predicted to block virus replication, and NS3 is thus 

considered 

an attractive candidate for development of anti-HCV therapeutics. To set 
up a system for analysis of NS3 protease activity in cultured cells, we 
constructed a family of chimeric Sindbis viruses which carry sequences 



coding for NS3 and its activator, NS4A, in their genomes. HCV sequences 
were fused to the gene coding for the Sindbis virus structural 
polyprotein 

via an NS3 -specific cleavage site, with the expectation that processing 

of 

the chimeric polyprotein, nucleocapsid assembly, and generation 
of viable viral particles would occur only upon NS3 -dependent 
proteolysis . 

Indeed, the chimeric genomes encoding an active NS3 protease produced 
infectious viruses in mammalian cells, while those encoding NS3 
inactivated by alanine substitution of the catalytic serine did not. 
However, in infected cells chimeric genomes recombined, splicing out HCV 
sequences and reverting to pseudo -wild- type Sindbis virus. To 
force retention of HCV sequences, we modified one of the initial chimeras 
by introducing a second NS3 cleavage site in the Sindbis virus portion of 
the recombinant polyprotein, anticipating that revertants not encoding an 
active NS3 protease would not be viable. The resulting chimera produced 
infectious viruses which replicated at a lower rate than the parental 
construct and displayed a marked temperature dependence in the formation 
of lysis plaques yet stably expressed NS3 . 
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L2 ANSWER 1 OF 12 CAPLUS COPYRIGHT 2 002 ACS 
ACCESSION NUMBER: 2002:652537 CAPLUS 

TITLE: Chemical modification of nucleotide bases and mRNA 

editing depend on hexamer or nucleoprotein phase in 

Sendai virus nucleocapsids 
AUTHOR(S) : Iseni, Frederic; Baudin, Florence; Garcin, Dominique; 

Marq, Jean-Baptiste ; Ruigrok, Rob W. H. ; Kolakofsky, 

Daniel 

CORPORATE SOURCE: Department of Genetics and Microbiology, University 

of 

Geneva School of Medicine, Centre Medicale 
Universitaire, Geneva, CH1211, Switz. 

SOURCE: RNA (2002), 8(8), 1056-1067 

CODEN: RNARFU; ISSN: 1355-8382 

PUBLISHER: Cambridge University Press 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

TI Chemical modification of nucleotide bases and mRNA editing depend on 
hexamer or nucleoprotein phase in Sendai virus nucleocapsids 

SO RNA (2002), 8(8), 1056-1067 

CODEN: RNARFU; ISSN: 1355-8382 

AU Iseni, Frederic; Baudin, Florence; Garcin, Dominique; Marq, 

Jean-Baptiste; 

Ruigrok, Rob W. H. ; Kolakofsky, Daniel 

AB The minus-strand genome of Sendai virus is an assembly of the 
nucleocapsid protein (N) and RNA, in which each N subunit is 
assocd. with precisely 6 nt . Only genomes that are a multiple of 6 nt 
long replicate efficiently or are found naturally, and their replication 
promoters contain sequence elements with hexamer repeats. 

Paramyxoviruses 

that are governed by this hexamer rule also edit their P gene mRNA during 
its synthesis, by G insertions, via a controlled form of viral RNA 
polymerase "stuttering" (pseudo- templated transcription) . This 
stuttering is directed by a cis-acting sequence (3' UNN UUUUUU CCC) , 

whose 

hexamer phase is conserved within each virus group. To det. whether the 



hexamer phase of a given nucleotide sequence within nucleocapsids 
affected its sensitivity to chem. modification, and whether hexamer phase 
of the mRNA editing site was important for the editing process, we prepd. 
a matched set of viruses in which a model editing site was displaced 1 nt 
at a time relative to the genome ends. The relative abilities of these 
Sendai viruses to edit their mRNAs in cell culture infections were 
examd . , 

and the ability of DMS to chem. modify the nucleotides of this cis -acting 
signal within resting viral nucleocapsids was also studied. 
Cytidines at hexamer phases 1 and 6 were the most accessible to chem. 
modification, whereas mRNA editing was most extensive when the 
stutter-site C was in positions 2 to 5 . Apparently, the N subunit 
imprints the nucleotide sequence it is assocd. with, and affects both the 
initiation of viral RNA synthesis and mRNA editing. The N- subunit 
assembly thus appears to superimpose another code upon the genetic code. 

REFERENCE COUNT: 36 THERE ARE 36 CITED REFERENCES AVAILABLE FOR 

THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE 

FORMAT 



L2 ANSWER 2 OF 12 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR (S) 



CORPORATE SOURCE: 



CAPLUS COPYRIGHT 2 002 ACS 
2002:351514 CAPLUS 
137 :90675 

Analysis of intracellular and intraviral localization 
of the human cytomegalovirus UL53 protein 
Dal Monte, P.; Pignatelli, S.; Zini, N. ; Maraldi, N. 
M . ; Perret, E.; Prevost, M. C; Landini, M. P. 
Department of Clinical and Experimental Medicine, 
Division of Microbiology, St Orsola General Hospital, 
University of Bologna, Bologna, 40138, Italy 
Journal of General Virology (2002), 83(5), 1005-1012 
CODEN: JGVIAY; ISSN: 0022-1317 
Society for General Microbiology 
Journal 
English 

Analysis of intracellular and intraviral localization of the human 
cytomegalovirus UL53 protein 

Journal of General Virology (2002), 83(5), 1005-1012 
CODEN: JGVIAY; ISSN: 0022-1317 

Dal Monte, P.; Pignatelli, S.; Zini, N. ; Maraldi, N. M./ Perret, E . ; 
Prevost, M. C; Landini, M. P. 

Human cytomegalovirus (HCMV) UL53 belongs to a family of conserved 
herpesvirus genes. Here, the expression and localization of the UL53 



SOURCE : 

PUBLISHER: • 
DOCUMENT TYPE 
LANGUAGE : 
TI 

SO 

AU 

AB 

gene 



product was analyzed. The results showed that pUL53 is a new structural 
protein. In infected human fibroblasts, pUL53 localizes in cytoplasmic 
perinuclear granular formations together with other structural viral 
proteins. In the nucleus, pUL53 forms patches at the nuclear periphery 
and co-localizes with lamin B at the internal nuclear membrane level. 
Immunoelectron microscopy studies have disclosed that nuclear 
pseudo- inclusions are labeled, whereas nucleocapsid 

formations within the intranuclear skein are neg. Furthermore, the 
mature 

virus particle maintains pUL53 at its tegumental level. These data 
suggest that pUL53 could be involved either in nucleocapsid 
maturation or in the egress of nucleocapsids from the nucleus to 
the cytoplasm through the nuclear membrane, a role compatible with the 
function hypothesized for UL31, its positional homolog in herpes simplex 
virus type 1. 

REFERENCE COUNT: 3 0 THERE ARE 30 CITED REFERENCES AVAILABLE FOR 

THIS 



RECORD. ALL CITATIONS AVAILABLE IN THE RE 



FORMAT 
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CAPLUS COPYRIGHT 2 0 02 ACS 
1997:56543 CAPLUS 
126:101682 

Chimeric Sindbis viruses dependent on the NS3 
of hepatitis C virus 

Filocamo, Gessica; Pacini, Laura; Migliaccio, 

Istituto di Ricerche di Biqlogia Molecolare P. 

Angeletti, Pomezia, 00040, Italy 

Journal of Virology (1997)., 71(2), 1417-1427 

CODEN: JOVIAM; ISSN: 0022- 53 8X 

American Society for Microbiology 

Journal 

English 



TI Chimeric Sindbis viruses dependent on the NS3 protease of hepatitis C 



SO 

AU 
AB 



NS3 



y-irus • 

(Journal of Virology (1997) , 71(2), 1417-1427 
CODEN: JOVIAM; ISSN: 0022 -53 8X 

Filocamo, Gessica; Pacini, Laura; Migliaccio, Giovanni 

The hepatitis C virus (HCV) NS3 protease cleaves the viral polyprotein at 
specific sites to release the putative components of the HCV replication 
machinery. Selective inhibition of this enzyme is predicted to block 
virus replication, and NS3 is thus considered an attractive candidate for 
development of anti-HCV therapeutics. To set up a system for anal, of 



protease activity in cultured cells, we constructed a family of chimeric 
Sindbis viruses which carry sequences coding for NS3 and its activator, 
NS4A, in their genomes . HCV sequences were fused to the gene coding for 
the Sindbis virus structural polyprotein via an NS3 -specific cleavage 
site, with the expectation that processing of the chimeric polyprotein, 
nucleocapsid assembly, and generation of viable viral particles 
would occur only upon NS3 -dependent proteolysis. Indeed, the chimeric 
genomes encoding an active NS3 protease produced infectious viruses in 
mammalian cells, while those encoding NS3 inactivated by alanine 
substitution of the catalytic serine did not. However, in infected cells 
chimeric genomes recombined, splicing out HCV sequences and reverting to 
pseudo-wild-type Sindbis virus. To force retention of HCV 
sequences, we modified one of the initial chimeras by introducing a 
second 

NS3 cleavage site in the Sindbis virus portion of the recombinant 
polyprotein, anticipating that revertants not encoding an active NS3 
protease would not be viable. The resulting chimera produced infectious 
viruses which replicated at a lower rate than the parental construct and 
displayed a marked temp, dependence in the formation of lysis plaques yet 
stably expressed NS3 . 



L2 ANSWER 4 OF 12 CAPLUS COPYRIGHT 2 002 ACS 
ACCESSION NUMBER: 1996:626027 CAPLUS 

DOCUMENT NUMBER: 12 5:267435 

TITLE: Paramyxovirus RNA editing and the requirement for 

hexamer genome length 
AUTHOR (S) : Hausmann, Stephane; Jacques, Jean-Philippe; 

Kolakof sky, Daniel 

CORPORATE SOURCE: .Dep. Genetics Microbiology, Univ. Geneva Sch. Med., 

Geneva, Switz. 
SOURCE: RNA (1996), 2(10), 1033-1045 



CODEN: RNARFU; ISSN: 1355-8382 
PUBLISHER: Cambridge University Press 

DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

TI Paramyxovirus RNA editing and the requirement for hexamer genome length 

SO RNA (1996), 2(10), 1033-1045 

CODEN: RNARFU; ISSN: 13 55-83 82 

AU Hausmann, Stephane; Jacques, Jean- Philippe ; Kolakofsky, Daniel 

AB Paramyxoviruses cotranscriptionally edit their P gene mRNA by the 

programmed insertion of G residues into a short G run contained within a 
larger purine run, via pseudo-templated transcription. The 
templates for paramyxovirus transcription are genome nucleocapsids 
in which each nucleoprotein subunit is assocd. with 6 nt, and only 

genomes 

whose lengths are multiples of 6 are found naturally or are replicated 
efficiently in transfected cell systems. We have examd. the effect of 
varying total genome length on the frequency and no. of insertions into 
the mRNA editing site in a transfected cell system, using constructs that 
generate mini -genome analogs. We found that, as long as the purine run 
sequence and the region immediately upstream were unaltered, editing 
occurred during mRNA synthesis independent of the precise length of the 
mini-genome. However, when mini-genome constructs whose lengths were not 
multiples of 6 were used, insertions (or deletions) occurred during 
antigenome synthesis within the purine run, which strikingly restored the 
hexamer length. Genome length correction due to changes in the 
antigenome 

purine run length occurred only when the mini -genome was not a multiple 

of 

6, and these changes were only poorly affected by mutations in the mRNA 
editing site and the region immediately upstream. Our results suggest 
that the mRNA editing site is a natural hotspot for viral polymerase 
slippage during genome replication, and that this site serves the dual 

and 

complementary function of maintaining hexamer genome length. The unusual 
requirement of paramyxoviruses for genomes of precise hexamer length may 
have evolved to maintain genome stability against insertions in the mRNA 
editing site during replication. 

L2 ANSWER 5 OF 12 CAPLUS COPYRIGHT 2 002 ACS 
ACCESSION NUMBER: 1995:361797 CAPLUS 

DOCUMENT NUMBER: 122:209332 

TITLE: A pseudo-revertant of a Sindbis virus 6K 

protein mutant, which corrects for aberrant particle 
formation, contains two new mutations that map to the 
ectodomain of the E2 glycoprotein 

AUTHOR(S): Ivanova, Lidia; Lustig, Shlomo; Schlesinger, Milton 

J. 

CORPORATE SOURCE: Dep. of Mol . Microbiology, Washington Univ. School of 

Medicine, St. Louis, MO, 63110-1073, USA 

SOURCE: Virology (1995), 206(2), 1027-34 

CODEN: VIRLAX; ISSN: 0042-6822 

PUBLISHER: Academic 

DOCUMENT TYPE: Journal 

LANGUAGE : Eng 1 i s h 

TI A pseudo-revertant of a Sindbis virus 6K protein mutant, which 

corrects for aberrant particle formation, contains two new mutations that 
map to the ectodomain of the E2 glycoprotein 

SO Virology (1995), 206(2), 1027-34 
CODEN: VIRLAX; ISSN: 0042-6822 

AU Ivanova, Lidia; Lustig, Shlomo; Schlesinger, Milton J. 



the 



AB Most site-directed mutations in the gene encoding the small, 

membrane-assocd. 6K protein of Sindbis virus interfere selectively with 
virus assembly and budding. Particles are released that are aberrant in 
structure, with a single membrane enclosing multiple nucleocapsids 

A revertant for the mutation that inserted a serine for a cysteine at 
position 3 9 in the 6K protein was isolated and found to correct for the 
defective budding so that normal particles were formed. Genetic anal, of 
this revertant showed that 2 addnl . mutations, which were mapped to the 
ectodomain of the E2 virus glycoprotein, were present in addn. to the 
original 6K substitution. The phenotype of the revertant differed from 
the wild-type strain and the original mutation with regard to plaque 

size, 

thermostability, and growth in neuronal cells.- Five new virus genetic 
constructs were prepd. by insertion of these mutations into the wild-type 
virus. Phenotypes of these constructs confirmed that the mutations in 

E2 ectodomain were responsible for both correcting the original defect in 
budding as well as imparting changes in cell tropism, plaque size, and 
thermolability on the virus. These results indicate that 6K may play an 
indirect role in the packing of the virus spike glycoproteins, which 
allows for membrane deformation and bending during the budding process. 

L2 ANSWER 6 OF 12 CAPLUS COPYRIGHT 2 002 ACS 
ACCESSION NUMBER: 1991:507301 CAPLUS 

DOCUMENT NUMBER: 115:1073 01 
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TI Heterogeneity of gene expression of the hemagglutinin-esterase (HE) 

protein of murine coronaviruses 
SO Virology (1991), 183(2), 647-57 

CODEN: VIRLAX; ISSN: 0042-6822 
AU Yokomori, Kyoko; Banner, Lisa R. ; Lai, Michael M. C. 

AB The hemagglutinin-esterase (HE) membrane glycoprotein is present only in 
some members of the coronavirus family, including some strains of mouse 
hepatitis virus (MHV) . In the JHM strain of MHV, expression of the HE 
gene is variable and corresponds to the no. of copies of a UCUAA 
pentanucleotide sequence present at the 3 1 -end of the leader RNA. This 
copy no. varies among MHV strains, depending on their passage history. 
The JHM isolates with 2 copies of UCUAA in their leader RNA showed a high 
level of HE expression, whereas the JHM isolate with 3 copies had a 
low-level expression. In this study, the anal, of HE gene expression was 
extended to other MHV strains. The synthesis of HE mRNA in these viruses 
also correlates with the copy no. of UCUAA in the leader RNA and the 
particular intergenic sequence preceding the HE gene. In 1 MHV strain, 
MHV-1, no detectable HE mRNA was synthesized, despite the presence of a 
proper transcription initiation signal. This lack of HE mRNA expression 
was consistent with a leader RNA contg. three UCUAA copies. However, 
mutations and deletions within the coding region of the MHV-1 HE gene 



have 



generated a stretch of sequence which resembled the transcriptional 
initiation motif, and was shown to initiate the synthesis of a novel 
smaller mRNA. These findings strengthened the theory that interactions 



between leader RNA and transcriptional initiation sequences regulate MHV 
subgenomic mRNA transcription. Sequence anal, revealed that most MHV 
strains, through extensive mutations, deletions, or insertions, have lost 
the complete HE open reading frame, thus turning HE into a pseudogene . 
This high degree of variation is unusual as the other three structural 
proteins (spike, membrane, and nucleocapsid) are 

well -maintained. In contrast to bovine coronavirus, which apparently 
requires HE for viral replication, the HE protein in MHV may be only an 
accessory protein which is not necessary for viral replication. JHM and 
MHV-S, however, have preserved the expression of HE protein. 
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TI Chemical modification of nucleotide bases and mRNA editing depend on 
hexamer or nucleoprotein phase in Sendai virus nucleocapsids. 

SO RNA (New York) , (August, 2002) Vol. 8, No. 8, pp. 1056-1067. 
http : //uk. Cambridge . org/ journal s/rna/ . print . 
ISSN: 1355-8382. 

AU Iseni, Frederic; Baudin, Florence; Garcin, Dominique; Marq, 
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Ruigrok, Rob W. H. ; Kolakofsky, Daniel (1) 

AB The minus -strand genome of Sendai virus is an assembly of the 
nucleocapsid protein (N) and RNA, in which each N subunit is 
associated with precisely 6 nt . Only genomes that are a multiple of 6 nt 
long replicate efficiently or are found naturally, and their replication 
promoters contain sequence elements with hexamer repeats . Paramyxoviruses 
that are governed by this hexamer rule also edit their P gene mRNA during 
its synthesis, by G insertions, via a controlled form of viral RNA 
polymerase "stuttering" (pseudo-templated transcription) . This 
stuttering is directed by a cis-acting sequence (3 ! UNN UUUUUU CCC) , 

whose 

hexamer phase is conserved within each virus group. To determine whether 
the hexamer phase of a given nucleotide sequence within 
nucleocapsids affected its sensitivity to chemical modification, 
and whether hexamer phase of the mRNA editing site was important for the 
editing process, we prepared a matched set of viruses in which a model 
editing site was displaced 1 nt at a time relative to the genome ends. 



The 



relative abilities of these Sendai viruses to edit their mRNAs in cell 
culture infections were examined, and the ability of DMS to chemically 
modify the nucleotides of this cis-acting signal within resting viral 
nucleocapsids was also studied. Cytidines at hexamer phases 1 and 
6 were the most accessible to chemical modification, whereas mRNA editing 
was most extensive when the stutter-site C was in positions 2 to 5 . 
Apparently, the N subunit imprints the nucleotide sequence it is 



associated with, and affects both the initiation of viral RNA synthesis 
and mRNA editing. The N-subunit assembly thus appears to superimpose 
another code upon the genetic code. 
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Analysis of intracellular and intraviral localization of 
the human cytomegalovirus UL53 protein. 
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pp. 1005-1012. http://vir.sgmjournals.org. print. 
ISSN: 0022-1317. 
Article 
English 

Analysis of intracellular and intraviral localization of the human 
cytomegalovirus UL53 protein. 

Journal of General Virology, (May, 2002) Vol. 
http : / /vir . sgmj ournals . org . print . 
ISSN: 0022-1317. 

Dal Monte, P. (1); Pignatelli, S.; Zin ; i, N. 
Prevost, M. C; Landini, M. P. 
Human cytomegalovirus (HCMV) UL53 belongs to 

herpesvirus genes. In this work, the expression and localization of the 
UL53 gene product was analysed. Results obtained showed that pUL53 is a 
new structural protein. In infected human fibroblasts, pUL53 localizes in 
cytoplasmic perinuclear granular formations together with other 
structural 

viral proteins. In the nucleus, pUL53 forms patches at the nuclear 
periphery and co-localizes with lamin B at the internal nuclear membrane 
level. Immunoelectron microscopy studies have disclosed that nuclear 
pseudo-inclusions are labelled, whereas nucleocapsid 

formations within the intranuclear skein are negative. Furthermore, the 
mature virus particle maintains pUL53 at its tegumental level. These data 
suggest that pUL53 could be involved either in nucleocapsid 
maturation or in the egress of nucleocapsids from the nucleus to 
the cytoplasm through the nuclear membrane, a role compatible with the 
function hypothesized for UL31, its positional homologue in herpes 
simplex 

virus type 1 . 
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Chimeric Sindbis viruses dependent on the NS3 protease of 
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Article 
English 

s viruses dependent on the NS3 protease of hepatitis C 



virus . 

SO Journal of Virology, (1997) Vol. 71, No. 2, pp. 1417-1427. 
ISSN: 0022-538X. 

AU Filocamo, Gessica; Pacini, Laura; Migliaccio, Giovanni (1) 
AB The hepatitis C virus (HCV) NS3 protease cleaves the viral polyprotein at 
specific sites to release the putative components of the HCV replication 
machinery. Selective inhibition of this enzyme is predicted to block 

virus 

replication, and NS3 is thus considered an attractive candidate for 
development of anti-HCV therapeutics. To set up a system for analysis of 
NS3 protease activity in cultured cells, we constructed a family of 
chimeric Sindbis viruses which carry sequences coding for NS3 and its 
activator, NS4A, in their genomes. HCV sequences were fused to the gene 
coding for the Sindbis virus structural polyprotein via an NS3 -specific 
cleavage site, with the expectation that processing of the chimeric 
polyprotein, nucleocapsid assembly, and generation of viable 
viral particles would occur only upon NS3 -dependent proteolysis. Indeed, 
the chimeric genomes encoding an active NS3 protease produced infectious 
viruses in mammalian cells, while those encoding NS3 inactivated by 
alanine substitution of the catalytic serine did not. However, in 
infected 

cells chimeric genomes recombined, splicing out HCV sequences and 

reverting to pseudo-wild-type Sindbis virus. To force retention 

of HCV sequences, we modified one of the initial chimeras by introducing 

a 

second NS3 cleavage site in the Sindbis virus portion of the recombinant 
polyprotein, anticipating that revertants not encoding an active NS3 
protease would not be viable. The resulting chimera produced infectious 
viruses which replicated at a lower rate than the parental construct and 
displayed a marked temperature dependence in the formation of lysis 
plaques yet stably expressed NS3 . 
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TI Paramyxovirus RNA editing and the requirement for hexamer genome length. 
SO RNA (New York) , (1996) Vol. 2, No. 10, pp. 1033-1045. 
ISSN: 1355-8382. 

AU Hausmann, Stephane; Jacques , Jean- Philippe ; Kolakofsky, Daniel (1) 
AB Paramyxoviruses cotranscriptionally edit their P gene mRNA by the 

programmed insertion of G residues into a short G run contained within a 
larger purine run, via pseudo- templated transcription. The 
templates for paramyxovirus transcription are genome nucleocapsids 
in which each nucleoprotein subunit is associated with 6 nt, and only 
genomes whose lengths are multiples of 6 are found naturally or are 
replicated efficiently in transfected cell systems. We have examined the 
effect of varying total genome length on the frequency and number of 
insertions into the mRNA editing site in a transfected cell system, using 
constructs that generate mini -genome analogues. We found that, as long as 
the purine run sequence and the region immediately upstream were 



unaltered, editing occurred during mRNA synthesis independent of the 
precise length of the minigenome. However, when mini-genome constructs 
whose lengths were not multiples of 6 were used, insertions (or 
deletions) 

occurred during antigenome synthesis within the purine run, which 
strikingly restored the hexamer length. Genome length correction due to 
changes in the antigenome purine run length occurred only when the 
mini-genome was not a multiple of 6, and these changes were only poorly 
affected by mutations in the mRNA editing site and the region immediately 
upstream. Our results suggest that the mRNA editing site is a natural 
hotspot for viral polymerase slippage during genome replication, and that 
this site serves the dual and complementary function of maintaining 
hexamer genome length. The unusual requirement of paramyxoviruses for 
genomes of precise hexamer length may have evolved to maintain genome 
stability against insertions in the mRNA editing site during replication. 
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TI A pseudo-revertant of a Sindbis virus 6K protein mutant, which 

corrects for aberrant particle formation, contains two new mutations that 
map to the ectodomain of the E2 glycoprotein. 
SO Virology, (1995) Vol. 206, No. 2, pp. 1027-1034. 

ISSN: 0042-6822. 
AU Ivanova, Lidia; Lustig, Shlomo; Schlesinger, Milton (1) 
AB Most site-directed mutations in the gene encoding the small, 

membrane-associated 6K protein of Sindbis virus interfere selectively 



with 



virus assembly and budding. Particles are released that are aberrant in 
structure, with a single membrane enclosing multiple nucleocapsids 
. A revertant' for the mutation that inserted a serine for a cysteine at 
position 3 9 in the 6K protein was isolated and found to correct for the 
defective budding so that normal particles were formed. Genetic analysis 
of this revertant showed that two additional mutations, which were mapped 
to the ectodomain of the E2 virus glycoprotein, were present in addition 
to the original 6K substitution. The phenotype of the revertant differed 
from the wild- type strain and the original mutation with regard to plaque 
size, thermostability, and growth in neuronal calls. Five new virus 
genetic constructs were prepared by insertion of these mutations into the 
wild-type virus. Phenotypes of these constructs confirmed that the 
mutations in the E2 ectodomain were responsible for both correcting the 
original defect in budding as well as imparting changes in cell tropism, 
plaque size, and thermolability on the virus. These results indicate that 
6K may play an indirect role in the packing of the virus spike 
glycoproteins, which allows for membrane deformation and bending during 
the budding process. 
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TI Complete genomic sequence and phylogenetic analysis of the lactate 

dehydrogenase-elevating virus (LDV. 
SO Virology, (1993) Vol. 194, No. 2, pp. 585-596. 

ISSN: 0042-6822. 

AU Godeny, E. K. ; Chen, L.; Kumar, S. N. ; Methven, S. L,; Koonin, E. V. / 
Brinton, M. A. (1) 

AB The apparently complete sequence of the RNA genome of the neurovirulent 
isolate of lactate dehydrogenase-elevating virus (LDV-C) has been 
determined. The LDV-C genome is at least 14,222 nucleotides in length and 
contains eight open reading frames (ORFs). ORF la, which encodes a 

protein 

of 242.8 kDa and is located at the 5* end of the genome, contains at 

least 

two putative papain- like cysteine protease domains, and one putative 
chymotrypsin-like serine protease domain. This ORF terminates with a UAG 
stop codon that can be bypassed if a -1 frameshift occurs. The frameshift 
region consists of a heptanucleotide "slippery" sequence, 5 1 -UUUAAAC-3 ■ , 
followed by a putative pseudo-knot. ORF lb encodes a protein of 
155.4 kDa containing, in its N-terminal portion, an RNA-dependent RNA 
polymerase and an RNA helicase domain separated by a Zn finger domain. 
Another domain of unknown function that is also conserved in 
coronavi ruses 

and toroviruses is located at the C-terminus of the ORF lb product. Three 
cleavage sites in the ORF la polyprotein and three in the ORF lb 
polyprotein were predicted for the chymotrypsin-like protease and 
tentatively delimit the mature nonstructural proteins of LDV. Six small, 
overlapping 3» ORFs (ORFs 2 through 7) encode proteins with calculated 
sizes of 25.8, 21.6, 19.8, 23.9, 18.9, and 12.3 kDa. ORF 7 encodes the 
virion nucleocapsid protein Vp-1, while ORF 6 encodes the 
nonglycosylated envelope protein Vp2 . ORFs 5, 4, 3, and 2 each encode 
glycoproteins which may be virion envelope proteins. LDV is closely 
related to equine arteritis virus, Lelystad virus (LV) , and simian 
hemorrhagic fever virus. These four viruses belong to a new group of 
positive-strand RNA viruses and are related to coronaviruses and 
toroviruses . 
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TI Chemical modification of nucleotide bases and mRNA editing depend on 
hexamer or nucleoprotein phase in Sendai virus 
nucleocapsids 

SO RNA (2002), 8(8), 1056-1067 

CODEN: RNARFU; ISSN: 1355-8382 

AU Iseni , Frederic ; Baudin, Florence; Garcin, Dominique; Marq, 

Jean-Baptiste; 

Ruigrok, Rob W. H. ; Kolakofsky, Daniel 

AB The minus -strand genome of Sendai virus is an assembly of the 
nucleocapsid protein (N) and RNA, in which each N subunit is 
assocd. with precisely 6 nt. Only genomes that are a multiple of 6 nt 
long replicate efficiently or are found naturally, and their replication 
promoters contain sequence elements with hexamer repeats. 

Paramyxoviruses 

that are governed by this hexamer rule also edit their P gene mRNA during 
its synthesis, by G insertions, via a controlled form of viral RNA 
polymerase "stuttering" (pseudo-templated transcription) . This 
stuttering is directed by a cis-acting sequence (3' UNN UUUUUU CCC) , 

whose 

hexamer phase is conserved within each virus group. To det . 

whether the hexamer phase of a given nucleotide sequence within 

nucleocapsids affected its sensitivity to chem. modification, and 

whether hexamer phase of the mRNA editing site was important for the 

editing process, we prepd. a matched set of viruses in which a 

model editing site was displaced 1 nt at a time relative to the genome 

ends. The relative abilities of these Sendai viruses to edit 

their mRNAs in cell culture infections were examd., and the ability of 

DMS 

to chem. modify the nucleotides of this cis-acting signal within resting 
viral nucleocapsids was also studied. Cytidines at hexamer 
phases 1 and 6 were the most accessible to chem. modification, whereas 
mRNA editing was most extensive when the stutter- site C was in positions 

2 

to 5. Apparently, the N subunit imprints the nucleotide sequence it is 
assocd. with, and affects both the initiation of viral RNA synthesis and 
mRNA editing. The N- subunit assembly thus appears to superimpose another 
code upon the genetic code. 
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TI Analysis of intracellular and intraviral localization of the human 

cytomegalovirus UL53 protein 
SO Journal of General Virology (2002), 83(5), 1005-1012 

CODEN: JGVIAY;. ISSN: 0022-1317 
AU Dal Monte, P.; Pignatelli, S.; Zini, N. ; Maraldi, N. M . ; Perret, E.; 

Prevost, M. C; Landini , M. P. 
AB Human cytomegalovirus (HCMV) UL53 belongs to a family of conserved 

herpesvirus genes. Here, the expression and localization of the UL53 

gene 

product was analyzed. The results showed that pUL53 is a new structural 
protein. In infected human fibroblasts, pUL53 localizes in cytoplasmic 
perinuclear granular formations together with other structural viral 
proteins. In the nucleus, pUL53 forms patches at the nuclear periphery 
and co-localizes with lamin B at the internal nuclear membrane level. 
Immunoelectron microscopy studies have disclosed that nuclear 
pseudo- inclusions are labeled, whereas nucleocapsid 

formations within the intranuclear skein are neg. Furthermore, the 
mature 

virus particle maintains pUL53 at its tegumental level. These 

data suggest that pUL53 could be involved either in nucleocapsid 

maturation or in the egress of nucleocapsids from the nucleus to 

the cytoplasm through the nuclear membrane, a role compatible with the 

function hypothesized for UL31, its positional homolog in herpes simplex 

virus type 1 . 
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Chimeric Sindbis viruses dependent on the NS3 protease of 
hepatitis C virus 

Journal of Virology (1997), 71(2), 1417-1427 
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Filocamo, Gessica; Pacini, Laura; Migliaccio, Giovanni 
The hepatitis C virus (HCV) NS3 protease cleaves the viral 
polyprotein at specific sites to release the putative components of the 
HCV replication machinery. Selective inhibition of this enzyme is 
predicted to block virus replication, and NS3 is thus considered 
an attractive candidate for development of anti-HCV therapeutics. To set 
up a system for anal, of NS3 protease activity in cultured cells, we 
constructed a family of chimeric Sindbis viruses which carry 
sequences coding for NS3 and its activator, NS4A, in their genomes. HCV 
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and 



sequences were fused to the gene coding for the Sindbis virus 
structural polyprotein via an NS3 -specific cleavage site, with the 
expectation that processing of the chimeric polyprotein, 
nucleocapsid assembly, and generation of viable viral particles 
would occur only upon NS3 -dependent proteolysis. Indeed, the chimeric 
genomes encoding an active NS3 protease produced infectious 
viruses in mammalian cells, while those encoding NS3 inactivated 
by alanine substitution of the catalytic serine did not. However, in 
infected cells chimeric genomes recombined, splicing out HCV sequences 

reverting to pseudo -wild- type Sindbis virus. To force 
retention of HCV sequences, we modified one of the initial chimeras by 
introducing a second NS3 cleavage site in the Sindbis virus 
portion of the recombinant polyprotein, anticipating that revertants not 
encoding an active NS3 protease would not be viable. The resulting 
chimera produced infectious viruses which replicated at a lower 
rate than the parental construct and displayed a marked temp, dependence 
in the formation of lysis plaques yet stably expressed NS3 . 
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TI Paramyxovirus RNA editing and the requirement for hexamer genome length 

SO RNA (1996), 2(10), 1033-1045 
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AU Hausmann, Stephane; Jacques, Jean - Phi 1 ippe ;• Kolakof sky, Daniel 

AB Paramyxoviruses cotranscriptionally edit their P gene mRNA by the 

programmed insertion of G residues into a short G run contained within a 
larger purine run, via pseudo-templated transcription. The 
templates for paramyxovirus transcription are genome nucleocapsids 
in which each nucleoprotein subunit is assocd. with 6 nt, and only 

genomes 

whose lengths are multiples of 6 are found naturally or are replicated 
efficiently in transfected cell systems. We have examd. the effect of 
varying total genome length on the frequency and no. of insertions into 
the mRNA editing site in a transfected cell system, using constructs that 
generate mini -genome analogs. We found that, as long as the purine run 
sequence and the region immediately upstream were unaltered, editing 
occurred during mRNA synthesis independent of the precise length of the 
mini -genome. However, when mini -genome constructs whose lengths were not 
multiples of 6 were used, insertions (or deletions) occurred during 
antigenome synthesis within the purine run, which strikingly .restored the 
hexamer length. Genome length correction due to changes in the 
antigenome 

purine run length occurred only when the mini -genome was not a multiple 

of 

6, and these changes were only poorly affected by mutations in the mRNA 
editing site and the region immediately upstream. Our results suggest 
that the mRNA editing site is a natural hotspot for viral polymerase 



slippage during genome replication, and that this site serves the dual 

and 

complementary function of maintaining hexamer genome length. The unusual 
requirement of paramyxoviruses for genomes of precise hexamer length may 
have evolved to maintain genome stability against insertions in the mRNA 
editing site during replication. 
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SO Virology (1995), 206 (2 ), 1027-34 
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AB Most site-directed mutations in the gene encoding the small, 
membrane-assocd. 6K protein of Sindbis virus interfere 
selectively with virus assembly and budding. Particles are 
released that are aberrant in structure, with a single membrane enclosing 
multiple nucleocapsids . A revertant for the mutation that 
inserted a serine for a cysteine at position 39 in the 6K protein was 
isolated and found to correct for the defective budding so that normal 
particles were formed. Genetic anal, of this revertant showed that 2 
addnl . mutations, which were mapped to the ectodomain of the E2 
virus glycoprotein, were present in addn. to the original 6K 
substitution. The phenotype of the revertant differed from the wild- type 
strain and the original mutation with regard to plaque size, 
thermostability, and growth in neuronal cells. Five new virus 
genetic constructs were prepd. by insertion of these mutations into the 
wild-type virus. Phenotypes of these constructs confirmed that 
the mutations in the E2 ectodomain were responsible for both correcting 
the original defect in budding as well as imparting changes in cell 
tropism, plaque size, and thermolability on the virus. These 
results indicate that 6K may play an indirect role in the packing of the 
virus spike glycoproteins, which allows for membrane deformation 
and bending during the budding process. 
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SO Virology (1991), 183(2), 647-57 
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AB The hemagglutinin-esterase (HE) membrane glycoprotein is present only in 
some members of the coronavirus family, including some strains of mouse 
hepatitis virus (MHV) . In the JHM strain of MHV, expression of 
the HE gene is variable and corresponds to the no. of copies of a UCUAA 
pentanucleotide sequence present at the 3' -end of the leader RNA. This 
copy no. varies among MHV strains, depending on their passage history. 
The JHM isolates with 2 copies of UCUAA in their leader RNA showed a high 
level of HE expression, whereas the JHM isolate with 3 copies had a 
low-level expression. In this study, the- anal . of HE gene expression was 
extended to other MHV strains. The synthesis of HE mRNA in these 
viruses also correlates with the copy no. of UCUAA in the leader 
RNA and the particular intergenic sequence preceding the HE gene. In 1 
MHV strain, MHV-1, no detectable HE mRNA was synthesized, despite the 
presence of a proper transcription initiation signal. This lack of HE 
mRNA expression was consistent with a leader RNA contg. three UCUAA 
copies. However, mutations and deletions within the coding region of the 
MHV-1 HE gene have generated a stretch of sequence which resembled the 
transcriptional initiation motif, and was shown to initiate the synthesis 
of a novel smaller mRNA. These findings strengthened the theory that 
interactions between leader RNA and transcriptional initiation sequences 
regulate MHV subgenomic mRNA transcription. Sequence anal, revealed that 
most MHV strains, through extensive mutations, deletions, or insertions, 
have lost the complete HE open reading frame, thus turning HE into a 
pseudogene. This high degree of variation is unusual as the other three 
structural proteins (spike, membrane, and nucleocapsid) are 
well -maintained. In contrast to bovine coronavirus, which apparently 
requires HE for viral replication, the HE protein in MHV may be only an 
accessory protein which is not necessary for viral replication. JHM and 
MHV-S, however, have preserved the expression of HE protein. 
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SO RNA (New York) , (August, 2002) Vol. 8, No. 8, pp. 1056-1067. 
http : //uk. Cambridge . org/ journals/rna/ . print . 
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AB The minus -strand genome of Sendai virus is an assembly of the 
nucleocapsid protein (N) and RNA, in which each N subunit is 
associated with precisely 6 nt. Only genomes that are a multiple of 6 nt 
long replicate efficiently or are found naturally, and their replication 
promoters contain sequence elements with hexamer repeats. Paramyxoviruses 
that are governed by this hexamer rule also edit their P gene mRNA during 
its synthesis, by G insertions, via a controlled form of viral RNA 
polymerase "stuttering" (pseudo-templated transcription) . This 
stuttering is directed by a cis-acting sequence (3' UNN UUUUUU CCC) , 



whose 



hexamer phase is conserved within each virus group. To determine 

whether the hexamer phase of a given nucleotide sequence within 

nucleocapsids affected its sensitivity to chemical modification, 

and whether hexamer phase of the mRNA editing site was important for the 

editing process, we prepared a matched set of viruses in which a 

model editing site was displaced 1 nt at a time relative to the genome 

ends. The relative abilities of these Sendai viruses to edit 

their mRNAs in cell culture infections were examined, and the ability of 

DMS to chemically modify the nucleotides of this cis-acting signal within 

resting viral nucleocapsids was also studied. Cytidines at 

hexamer phases 1 and 6 were the most accessible to chemical modification, 

whereas mRNA editing was most extensive when the stutter-site C was in 

positions 2 to 5 . Apparently, the N subunit imprints the nucleotide 

sequence it is associated with, and affects both the initiation of viral 

RNA synthesis and mRNA editing. The N- subunit assembly thus appears to 

superimpose another code upon the genetic code. 
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Analysis of intracellular and intraviral localization of the human 
cytomegalovirus UL53 protein. 

Journal of General Virology, (May, 2002) Vol, 
ht tp : / /vir . sgmj ournals . org . print . 
ISSN: 0022-1317. 

Dal Monte, P. (1); Pignatelli, S.; Zini, N. 
Prevost, M. C; Landini, M. P. 
Human cytomegalovirus (HCMV) UL53 belongs to 
herpesvirus genes. In this work, the expression and localization of the 
UL53 gene product was analysed. Results obtained showed that pUL53 is a 
new structural protein. In infected human fibroblasts, pUL53 localizes in 
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cytoplasmic perinuclear granular formations together with other 
structural 

viral proteins. In the nucleus, pUL53 forms patches at the nuclear 
periphery and co-localizes with lamin B at the internal nuclear membrane 
level. Immunoelectron microscopy studies have disclosed that nuclear 
pseudo-inclusions are labelled, whereas nucleocapsid 

formations within the intranuclear skein are negative. Furthermore, the 

mature virus particle maintains pUL53 at its tegumental level. 

These data suggest that pUL53 could be involved either in 

nucleocapsid maturation or in the egress of nucleocapsids 

from the nucleus to the cytoplasm through the nuclear membrane, a role 

compatible with the function hypothesized for UL31, its positional 

homologue in herpes simplex virus type 1. 
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AU Filocamo, Gessica; Pacini, Laura; Migliaccio, Giovanni (1) 
AB The hepatitis C virus (HCV) NS3 protease cleaves the viral 

polyprotein at specific sites to release the putative components of the 

HCV replication machinery. Selective inhibition of this enzyme is 

predicted to block virus replication, and NS3 is thus considered 

an attractive candidate for development of anti-HCV therapeutics. To set 

up a system for analysis of NS3 protease activity in cultured cells, we 

constructed a family of chimeric Sindbis viruses which carry 

sequences coding for NS3 and its activator, NS4A, in their genomes. HCV 

sequences were fused to the gene coding for the Sindbis virus 

structural polyprotein via an NS3 -specific cleavage site, with the 

expectation that processing of the chimeric polyprotein, 

nucleocapsid assembly, and generation of viable viral particles 

would occur only upon NS3 -dependent proteolysis. Indeed, the chimeric 

genomes encoding an active NS3 protease produced infectious 

viruses in mammalian cells, while those encoding NS3 inactivated 

by alanine substitution of the catalytic serine did not. However, in 

infected cells chimeric genomes recombined, splicing out HCV sequences 

and 

reverting to pseudo-wild-type Sindbis virus. To force 

retention of HCV sequences, we modified one of the initial chimeras by 
introducing a second NS3 cleavage site in the Sindbis virus 
portion of the recombinant polyprotein, anticipating that revertants not 
encoding an active NS3 protease would not be viable. The resulting 
chimera 

produced infectious viruses which replicated at a lower rate 

than the parental construct and displayed a marked temperature dependence 

in the formation of lysis plaques yet stably expressed NS3 . 
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AU Hausmann, Stephane; Jacques, Jean- Phil ippe ; Kolakofsky, Daniel (1) 
AB Paramyxoviruses cotranscriptionally edit their P gene mRNA by the 

programmed insertion of G residues into a short G run contained within a 
larger purine run, via pseudo-templated transcription. The 
templates for paramyxovirus transcription are genome nucleocapsids 
in which each nucleoprotein subunit is associated with 6 nt, and only 
genomes whose lengths are multiples of 6 are found naturally or are 
replicated efficiently in transfected cell systems. We have examined the 
effect of varying total genome length on the frequency and number of 
insertions into the mRNA editing site in a transfected cell system, using 
constructs that generate mini -genome analogues. We found that, as long as 
the purine run sequence and the region immediately upstream were 
unaltered, editing occurred during mRNA synthesis independent of the 
precise length of the minigenome. However, when mini-genome constructs 
whose lengths were not multiples of 6 were used, insertions (or 
deletions) 

occurred during antigenome synthesis within the purine run, which 
strikingly restored the hexamer length. Genome length correction due to 
changes in the antigenome purine run length occurred only when the 
mini -genome was not a multiple of 6, and these changes were only poorly 
affected by mutations in the mRNA editing site and the region immediately 
upstream. Our results suggest that the mRNA editing site is a natural 
hotspot for viral polymerase slippage during genome replication, and that 
this site serves the dual and complementary function of maintaining 
hexamer genome length. The unusual requirement of paramyxoviruses for 
genomes of precise hexamer length may have evolved to maintain genome 
stability against insertions in the mRNA editing site during replication. 
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TI A pseudo-revertant of a Sindbis virus 6K protein 
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mutations that map to the ectodomain of the E2 glycoprotein. 
SO Virology, (1995) Vol. 206, No. 2, pp. 1027-1034. 

ISSN: 0042-6822. 
AU Ivanova, Lidia; Lustig, Shlomo; Schlesinger, Milton (1) 
AB Most site-directed mutations in the gene encoding the small, 
membrane-associated 6K protein of Sindbis virus interfere 
selectively with virus assembly and budding. Particles are 
released that are aberrant in structure, with a single membrane enclosing 
multiple nucleocapsids . A revertant for the mutation that 
inserted a serine for a cysteine at position 39 in the 6K protein was 
isolated and found to correct for the defective budding so that normal 
particles were formed. Genetic analysis of this revertant showed that two 
additional mutations, which were mapped to the ectodomain of the E2 
virus glycoprotein, were present in addition to the original 6K 
substitution. The phenotype of the revertant differed from the wild- type 
strain and the original mutation with regard to plaque size, 
thermostability, and growth in neuronal calls. Five new virus 
genetic constructs were prepared by insertion of these mutations into the 
wild-type virus. Phenotypes of these constructs confirmed that 
the mutations in the E2 ectodomain were responsible for both correcting 
the original defect in budding as well as imparting changes in cell 
tropism, plaque size, and thermolability on the virus. These 
results indicate that 6K may play an indirect role in the packing of the^ 
virus spike glycoproteins, which allows for membrane deformation 
and bending during the budding process. 



L8 ANSWER 12 OF 12 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



BIOSIS COPYRIGHT 2002 BIOLOGICAL ABSTRACTS INC. 
1993 :327067 BIOSIS 
PREV199396035417 

Complete genomic sequence and phylogenetic analysis of the 
lactate dehydrogenase -elevating virus (LDV. 
Godeny, E. K. ; Chen, L.; Kumar, S. N./ Methven, S. L.; 
Koonin, E.'V.; Brinton, M. A. (1) 

(1) Dep. Biol., P.O. Box 4010, Georgia State Univ., 
Atlanta, GA 30302 USA 

Virology, (1993) Vol. 194, No. 2, pp. 585-596. 
ISSN: 0042-6822. 
Article 
English 

Complete genomic sequence and phylogenetic analysis of the lactate 
dehydrogenase -elevating virus (LDV. 
Virology, (1993) Vol. 194, No. 2 pp. 585-596. 
ISSN: 0042-6822. 

Godeny, E. K. / Chen, L.; Kumar, S. N. ; Methven, S. L. ; Koonin, E. V. ; 
Brinton, M. A. (1) 

The apparently complete sequence of the RNA genome of the neurovirulent 
isolate of lactate dehydrogenase-elevating virus (LDV-C) has 
been determined. The LDV-C genome is at least 14,222 nucleotides in 
length 

and contains eight open reading frames (ORFs) . ORF la, which encodes a 
protein of 242.8 kDa and is located at the 5' end of the genome, contains 
at least two putative papain-like cysteine protease domains, and one 
putative chymotrypsin- like serine protease domain. This ORF terminates 
with a UAG stop codon that can be bypassed if a -1 frameshift occurs. The 
frameshift region consists of a heptanucleotide "slippery" sequence, 
5 1 -UUUAAAC-3 ' , followed by a putative pseudo-knot. ORF lb 
encodes a protein of 155.4 kDa containing, in its N-terminal portion, an 
RNA-dependent RNA polymerase and an RNA helicase domain separated by a Zn 
finger domain. Another domain of unknown function that is also conserved 
in coronaviruses and toroviruses is located at the C-terminus of the ORF 
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lb product. Three cleavage sites in the ORF la polyprotein and three in 
the ORF lb polyprotein were predicted for the chymotrypsin-like protease 
and tentatively delimit the mature nonstructural proteins of LDV. Six 
small, overlapping 3 ! ORFs (ORFs 2 through 7) encode proteins with 
calculated sizes of 25.8, 21.6, 19.8, 23.9, 18.9, and 12.3 kDa. ORF 7 
encodes the virion nucleocapsid protein Vp-1, while ORF 6 
encodes the nonglycosylated envelope protein Vp2 . ORFs 5, 4, 3, and 2 

each 

encode glycoproteins which may be virion envelope proteins. LDV is 
closely 

related to equine arteritis virus, Lelystad virus 
(LV) , and simian hemorrhagic fever virus. These four 
viruses belong to a new group of positive- strand RNA 
viruses and are related to coronaviruses and toroviruses. 
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Although much is known about the hepatitis C virus (HCV) genome, first 
cloned in 1989, little is known about HCV structure and assembly due to 
the lack of an efficient in vitro culture system for HCV. Using a 
recombinant Semliki forest virus replicon expressing genes encoding HCV 
structural proteins, we obsd. for the first time the assembly of these 
proteins into HCV-like particles in mammalian cells. This system opens 



CORPORATE SOURCE: 



SOURCE : 

PUBLISHER: 
DOCUMENT ' TYPE 
LANGUAGE : 
AB 



up 



new possibilities for the investigation of viral morphogenesis and 

virus-host cell interactions. 
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WO 1997-US5096 W 19970325 
AB Prodn. of enveloped RNA virus-like particles intracellularly in vitro in 
insect cells using a recombinant baculovirus vector contg. a cDNA coding 
for viral structural proteins is disclosed. In vitro prodn. and purifn. 
of hepatitis C virus (HCV) -like particles contg. HCV ~core ' 
protein, El protein and E2 protein is disclosed. Prodn v of antibodies in 
vivo to the purified HCV- like particles is disclosed. 
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AB CDNAs derived from a large segment of the hepatitis C virus genomic RNA 



are cloned and expressed to yield viral particles suitable for use in 
vaccines and as diagnostic reagents. The particles include at least one 
antigen from the core, matrix, or envelope. Whole RNA was 
prepd. from plasma or liver of hepatitis C virus-infected patients, 
reverse transcribed and amplified by polymerase chain reaction by std. 
methods and cloned into . lambda. gtll or pUC19. Banks were screened by 
immune screening with serum from infected patients. Individual clones 
were used to manuf . antigens in Escherichia coli. Individual cDNAs were 
ligated together to generate a single cDNA covering much of the viral 
genome. This cDNA was introduced into expression vectors for bacteria, 
yeast and animal cells. Human hepatocytes infected with a vaccinia 
virus -based expression vector carrying the cDNA yielded hepatitis 
C virus -like particles when obsd. in 
the electron microscope. 
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Erratum: analysis of antigenicity and topology of E2 
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C virus -like 
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Interaction of hepatitis C 
virus -like particles and 

cells: a model system for studying viral binding and 
entry 
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Davis, Anthony R.; Ulianich, Luca; Heller, Theo; 
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C virus -like 

(HCV-LPs) contg. the structural proteins of HCV H77 
strain (la genotype) was used as a model for HCV virion to study 



virus -cell interaction. HCV-LPs showed a buoyant d. of 1.17 to 1.22 

g/cm3 

in a sucrose gradient and formed double-shelled particles 35 to 49 nm in 
diam. Flow cytometry anal, by an indirect method (detection with anti-E2 
antibody) and a direct method (use of dye -labeled HCV-LPs) showed that 
HCV-LPs binds to several human hepatic (primary hepatocytes, HepG2, HuH7, 
and NKNT-3) and T-cell (Molt-4) lines. HCV-LPs binding to cells occurred 
in a dose- and calcium-dependent manner and was not mediated by CD81. 
Scatchard plot anal, suggests the presence of two binding sites for 
HCV-LPs with high (Kd .apprx.l .mu.g/mL) and low (Kd .apprx.50 to 60 
.mu.g/mL) affinities of binding. Anti-El and -E2 antibodies inhibited 
HCV-LPs binding to cells. While preincubation of HCV-LPs with 
very- low- d. 

lipoprotein (VLDL) , low-d. lipoprotein (LDL) , or high-d. lipoprotein 

(HDL) 

blocked its binding to cells, preincubation of cells with VLDL, LDL, HDL, 
or anti-LDL-R antibody did not. Confocal microscopy anal, showed that, 
after binding to cells, dye-labeled HCV-LPs were internalized into the 
cytoplasm. This process could be inhibited with anti-El or anti-E2 
antibodies, suggesting that El and E2 proteins mediate HCV-LPs binding 
and, subsequently, their entry into cells. Altogether, our results 
indicate that HCV-LPs can be used to further characterize the mechanisms 
involved in the early steps of HCV infection. 
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glycoprotein present on recombinant hepatitis 
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AB Purifn. of hepatitis C virus (HCV) from sera of infected patients has 

proven elusive, hampering efforts to perform structure-function anal, of 
the viral components. Recombinant forms of the viral glycoproteins have 
been used instead for functional studies, but uncertainty exists as to 
whether they closely mimic the virion proteins. Here, we used HCV 
virus-like particles (VLPs) generated in insect cells infected with a 
recombinant baculovirus expressing viral structural proteins. Electron 
microscopic anal, revealed a population of pleomorphic VLPs that were at 
least partially enveloped with bilayer membranes and had viral 
glycoprotein spikes protruding from the surface. Immunogold labeling 
using specific monoclonal antibodies (MAbs) demonstrated these 

protrusions 

to be the El and E2 glycoproteins. A panel of anti-E2 MAbs was used to 
probe the surface topol . of E2 on the VLPs and to compare the 
antigenicity 

of the VLPs with that of truncated E2 (E2660) or the full-length (FL) 

E1E2 



complex expressed in mammalian cells. While most MAbs bound to all forms 
of antigen, a no. of others showed striking differences in their 
abilities 

to recognize the various E2 forms . All MAbs directed against 
hypervariable region 1 (HVR-1) recognized both native and denatured E2660 
with comparable affinities, but most bound either weakly or not at all to 
the FL E1E2 complex or to VLPs . HVR-1 on VLPs was accessible to these 
MAbs only after denaturation . Importantly, a subset of MAbs specific for 
amino acids 464 to 475 and 524 to 535 recognized E2660 but not VLPs or FL 
E1E2 complex. The antigenic differences between E2660, FL E1E2, and VLPs 
strongly point to the existence of structural differences, which may have 
functional relevance. Trypsin treatment of VLPs removed the N-terminal 
part of E2, resulting in a 42-kDa fragment. In the presence of 
detergent, 

this was further reduced to a trypsin-resistant 25-kDa fragment, which 

could be useful for structural studies. 
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AB The envelope glycoprotein E2 of hepatitis C. virus (HCV) is a major 

component of the viral envelope. Knowledge of its topol . features and 
antigenic determinants in virions is crucial in understanding the viral 
binding sites to cellular receptor (s) and the induction of neutralizing 
antibodies. The lack of a robust cell culture system for virus 
propagation has hampered the characterization of E2 presented on the 
virion. Here the authors report the structural features of 
hepatitis C virus -like 

particles (HCV-LPs) of the la and lb genotypes as detd. by various 
mouse and human monoclonal anti -envelope antibodies. Our results show 
that the E2 protein of HCV-LPs reacts with human monoclonal antibodies 
recognizing conformational determinants. Monoclonal antibodies (mAbs) 
specific for the hypervariable region 1 (HVR-1) sequence reacted strongly 
with HCV-LPs, suggesting that the HVR-1 is exposed on the viral surface. 
Several mAbs recognized both HCV-LPs with equally high affinity, 
indicating that the corresponding epitopes [amino acids (aa) 192-217 of 



El 



and aa 412-423, aa 522-531, and aa 640-653 of E2] are conserved in both 
genotypes and exposed on the surface of the HCV-LP. The E2 and E1/E2 
dimers of la bound strongly to the recombinant large extracellular loop 



(LEL) of CD81 (CD81-LEL) of human and African green monkey, while the 
HCV-LP of la bound weakly to human CD81-LEL. E1/E2 dimers and the 
HCV-LPs 

of lb did not bind CD81-LEL, consistent with the notion that CD81 
recognition by E2 is strain-specific and does not correlate with 
permissiveness of infection. A model of the topol . and exposed antigenic 
determinants of the envelope proteins of HCV is proposed. 
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Although much is known about the hepatitis C virus (HCV) genome, first 
cloned in 1989, little is known about HCV structure and assembly due to 
the lack of an efficient in vitro culture system for HCV. Using a 
recombinant Semliki forest virus replicon expressing genes encoding HCV 
structural proteins, we obsd. for the first time the assembly of these 
proteins into HCV-like particles in mammalian cells. This system opens 



up 



new possibilities for the investigation of viral morphogenesis and 

virus-host cell interactions. 
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AB Hepatitis C virus (HCV) is a leading cause of chronic hepatitis in the 
world. The study of viral entry and infection has been hampered by the 
inability to efficiently propagate the virus in cultured cells and the 
lack of a small -animal model. Recent studies have shown that in insect 
cells, the HCV structural proteins assemble into HCV-like particles 
(HCV-LPs) with morphol . , biophys . , and antigenic properties similar to 
those of putative virions isolated from HCV- infected humans. In this 
study, we used HCV-LPs derived from infectious clone H77C as a tool to 
examine virus-cell interactions. The binding of partially purified 
particles to human cell lines was analyzed by fluorescence-activated cell 
sorting with defined monoclonal antibodies to envelope glycoprotein E2 . 
HCV-LPs demonstrated dose-dependent and saturable binding to defined 

human 

lymphoma and hepatoma cell lines but not to mouse cell lines. Binding 
could be inhibited by monoclonal anti-E2 antibodies, indicating that the 
HCV-LP-cell interaction was mediated by envelope glycoprotein E2 . 
Binding 

appeared to be CD81 independent and did not correlate with low-d. 
lipoprotein receptor expression. Heat denaturation of HCV-LPs 
drastically 

reduced binding, indicating that the interaction of HCV-LPs with target 
cells was dependent on the proper conformation of the particles. In 
conclusion, our data demonstrate that insect cell -derived HCV-LPs bind 
specifically to defined human cell lines. Since the envelope proteins of 
HCV-LPs are presumably presented in a virion-like conformation, the 
binding of HCV-LPs to target cells may allow the study of virus-host cell 
interactions, including the isolation of HCV receptor candidates and 
antibody-mediated neutralization of binding. 
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We have recently described the prodn. of hepatitis C 
virus-like particles (HCV-LPs) in insect cells 

that resemble the putative virions. Here we evaluate the humoral and * 
cellular immunogenicity of the virus-like particles with or without viral 
p7 protein, a small viral polypeptide that resides between the structural 
and nonstructural regions of the HCV polyprotein and whose function has 
not been defined. Immunized BALB/c mice developed high titers of anti-E2 
antibodies and virus-specific cellular immune responses including 
cytotoxic T lymphocytes and T helper responses with gamma interferon 
prodn. The virus -like particles without p7 generated a higher cellular 
immune response with a more TH1 profile than the particles with p7 . 
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Immunization of heat -denatured particles resulted in substantially lower 
humoral and cellular responses, suggesting that the immunogenic ity is 
strongly dependent on particle formation. Administration of CpG 
oligonucleotide or cationic lipid 3 .beta. - [N- (N* ,N' - 
dimethylaminoethane) carbamoyl] -cholesterol (DC-Choi) , two potent 
adjuvants, did not significantly enhance the immunogenicity of HCV-LPs. 
These results indicate that HCV-LPs can induce humoral and cellular 
immune 

responses and offer a promising approach to vaccine development. 
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US 1999-167224P A2 19991124 
WO 2000-US32249 W 20001122 
The authors disclose the construction of chimeric antigens derived from 
hepatitis B virus (HBV) and hepatitis C virus (HCV) which form virus-like 
particles when co-expressed with an excess of hepatitis B virus surface 
antigen (HBsAg) . The chimeric antigens are fusion proteins contg. an 
immunogenic peptide derived from HCV coupled to the N- terminus of HBsAg. 
Also described are nucleic acid constructs and vectors for transfection 

cells and expression of the chimeric antigens. The authors also disclose 
methods for producing HBV/HCV virus -like particles contg. the chimeric 
antigens, cell lines for producing the virus-like particles, combination 
vaccines contg. the virus-like particles, and DNA vaccines that express 
the virus-like particles. 
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AB The authors recently described the efficient assembly of hepatitis C 
virus 

(HCV) structural proteins into HCV-like particles (HCV-LPs) in insect 
cells. These noninfectious HCV-LPs have similar morphol . and biophys . 
properties as putative virions isolated from HCV- infected humans and can 
induce a broadly directed immune response in animal models. The HCV 
envelope proteins of HCV-LPs are presumably presented in a native, 
virion- like conformation and may therefore interact with anti -envelope 
antibodies directed against conformational epitopes. Here, HCV-LPs were 
used as capture antigens in an ELISA to detect and quantify antibodies 
against HCV structural proteins in patients with acute and chronic 
hepatitis C. High titers of anti-HCV-LP antibodies were detected in 
patients chronically infected with HCV genotypes 1-6. In contrast to 
individuals with chronic hepatitis C, patients with acute self-limited 
hepatitis C displayed only a transient and weak seroreactivity against 
HCV-LPs. Patients with chronic HCV infection successfully treated with 
interferon demonstrated a gradual decline of anti-HCV-LP titers during or 
subsequent to viral clearance. Sustained interferon responders were 
characterized by higher pretreatment levels of anti-HCV-LP antibodies as 
compared with nonresponders . Thus, HCV infection is assocd. with limited 
humoral immunity against the envelope proteins present on the HCV-LPs. 



An 



HCV-LP-based ELISA may be a useful diagnostic tool to distinguish acute 
hepatitis C from chronic HCV infection with exacerbation, and to predict 
viral clearance in response to interferon. 
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AB Prodn. of enveloped RNA virus-like particles intracellularly in vitro in 
insect cells using a recombinant baculovirus vector contg. a cDNA coding 
for viral structural proteins is disclosed. In vitro prodn. and purifn. 
of hepatitis C virus (HCV) -like particles contg. HCV core protein, El 
protein and E2 protein is disclosed. Prodn. of antibodies in vivo to the 
purified HCV-like particles is disclosed. 
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AB To clarify the morphol . 
immunogold 

electron microscope study was carried out on two plasma samples with high 

HCV RNA titers using polyclonal and monoclonal antibodies specific to the 

putative HCV envelope protein. Spherical virus -like 

particles 55 to 65 nm in diam. with spike-like projections, were 

found in 1.14 to 1.6 g/mL fractions after sucrose d. gradient 

centrif ugation. These particles were found only in HCV- infected blood 

donors and had morphol. features similar to those of flaviviruses 

Moreover, these particles specifically reacted with the polyclonal and 
monoclonal antibodies to the putative HCV envelope protein. This is the 
first known report in which the morphol. of the HCV particle is clearly 
shown . 
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AB In order to det. the requirements for secretion of flavivirus 

structural proteins, the authors analyzed the expression of several West 
Nile flavivirus gene cassettes of different lengths in vaccinia 
virus expression systems. Expression of the longest cassette coding for 
the 5 1 -nontranslated region, proteins C through NS2B, and the protease 
domain of NS3, resulted in secretion of prM-E complexes and cleavage of 
prM. The presence and proper processing of the NS2A-NS2B-NS3 region 
appeared to be necessary for prM-E secretion. These proteins were 
released from cells mostly as membranous complexes which may represent 
empty viral envelopes. Cleavage of the membrane - assocd . intracellular 
form of protein C (Ci) to produce the virion form (Ce) appeared to be 
crit. for release of viral proteins. The presence and proper cleavage of 
the NS2A-NS2B-NS3 region were also found to be necessary for efficient 
C-prM cleavage by signalases. The NS2B-NS3 complex was implicated in 
cleavage of the intracellular form of protein C. Formation of a low 

level 

of virus -like particles was detected by 

electron microscopy. A model for virion formation, suggesting a crit. 



role of the NS2B and NS3 proteins, is discussed. 
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Of 



US 1999-167224P A2 19991124 
WO 2000-US32249 W 20001122 
The authors disclose the construction of chimeric antigens derived from 
hepatitis B virus (HBV) and hepatitis C virus (HCV) which form virus-like 
particles when co-expressed with an excess of hepatitis B virus surface 
antigen (HBsAg) . The chimeric antigens are fusion proteins contg. an 
immunogenic peptide derived from HCV coupled to the N- terminus of HBsAg. 
Also described are nucleic acid constructs and vectors for transfection 

cells and expression of the chimeric antigens. The authors also disclose 
methods for producing HBV/HCV virus-like particles contg. the chimeric 
antigens, cell lines for producing the virus-like particles, combination 
vaccines contg. the virus -like particles, and DNA vaccines that express 
the virus-like particles. 
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AB 



and 



CDNAs derived from a large segment of the hepatitis C virus genomic RNA 
are cloned and expressed to yield viral particles suitable for use in 
vaccines and as diagnostic reagents. The particles include at least one 
antigen from the core, matrix, or envelope. Whole RNA was prepd. from 
plasma or liver of hepatitis C virus-infected patients, reverse 
transcribed and amplified by polymerase chain reaction by std. methods 

cloned into . lambda. gtll or pUC19. Banks were screened by immune 
screening with serum from infected patients. Individual clones were used 
to manuf. antigens in Escherichia coli. Individual cDNAs were ligated 
together to generate a single cDNA covering much of the viral genome. 
This cDNA was introduced into expression vectors for bacteria, yeast and 
animal cells. Human hepatocytes infected with a vaccinia virus-based 
expression vector carrying the cDNA yielded hepatitis C 



virus-like particles when obsd. in the 
electron microscope. 
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Prodn. of enveloped RNA virus-like particles 

intracellularly in vitro in insect cells using a recombinant baculovirus 
vector contg. a cDNA coding for viral structural proteins is disclosed. 
In vitro prodn. and purifn. of hepatitis C virus (HCV) -like particles 
contg. HCV core protein, El protein and E2 protein is disclosed. Prodn. 
of antibodies in vivo to the purified HCV-like particles is disclosed. 
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Expression of the dengue virus structural proteins in 
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AB We have expressed cDNA encoding the dengue virus structural proteins in 
Pichia pastoris by chromosomal integration of an expression cassette 
contg. the dengue virus structural genes (CprME) . The yeast recombinant 

E 

protein migrated during SDS-PAGE as a 65 kDa protein when analyzed by 
Western blotting and radioimmunopptn . , which is the expected mol . mass 

for 

correctly processed and glycosylated E protein. Treatment with 
endoglycosidases showed that the recombinant E protein was modified by 

the 

addn. of short mannose chains. The E protein migrated with a buoyant d. 
of 1.13 g/cm3 when analyzed using sucrose d. gradient centrifugation . 
Spherical structures with an av. diam. of 30 nm, whose morphol. resembles 
dengue virions, were obsd. in the purified fractions using transmission 
electron microscopy. Furthermore, the virus -like 
particles were immunogenic in animals and were able to induce 
neutralizing antibodies. This is the first report that expression of the 
structural genes of a flavivirus in yeast is able to generate 
particulate structures that resemble virions. 
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AB Noncytopathic replicons of the flavivirus Kunjin (KUN) were 

employed for expression and delivery of heterologous genes. Replicon 
vector C2 0DX2Arep, contg. a unique cloning site followed by the sequence 
of 2A autoprotease of foot-and-mouth disease virus, was constructed and 
used for expression of a no. of heterologous genes including 
chloramphenicol acetyltransf erase (CAT) , green fluorescent protein (GFP) , 
.beta . -galactosidase , glycoprotein G of vesicular stomatitis virus, and 
the Core and NS3 genes of hepatitis C virus. The expression and proper 
processing of these genes upon transfection of BHK21 cells with the 
recombinant replicon RNAs were demonstrated by immunofluorescence, 
radioimmunopptn. , and appropriate 1 reporter gene assays. Most of these 
recombinant KUN replicon RNAs were also, successfully packaged into 
secreted virus-like particles (VLPs 

) by subsequent transfection with Semliki Forest virus replicon RNA 
expressing KUN structural genes. Infection of BHK21 and Vero cells with 
these VLPs resulted in continuous replication of the recombinant 
replicon RNAs and prolonged expression of the cloned genes without any 
cytopathic effect. We also developed a replicon vector for generation of 
stable cell lines continuously expressing heterologous genes by inserting 
an encephalomyelocarditis virus internal ribosomal entry site-neomycin 
transferase gene cassette into the 3 ' -untranslated region of the 
C20DX2Arep vector. Using this vector (C2 0DX2ArepNeo) , stable BHK cell 
lines persistently expressing GFP and CAT genes for up to 17 passages 

were 

established. Thus noncytopathic KUN replicon vectors with the ability to 
be packaged into VLPs should provide a useful tool for the 
development of noninfectious and noncytopathic vaccines as well as for 
gene therapy applications. (c) 1999 Academic Press. 
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AB The authors discloses the use of hepatitis B virus (HBV) core antigen 
particles for presentation to the immune system of multiple immunogen 
specificities. The immunogens, epitopes, or other related structures, 

are 

crosslinked or fused to HBV capsid-binding peptides that selectively bind 
to HBV core protein. Mixts. of different immunogens and/or 
capsid-binding 

peptide ligands may be crosslinked to the same HBV core particle. Such 
resulting multicomponent or multivalent HBV core particles may be 
advantageously used in therapeutic and prophylactic vaccines and compns . , 
as well as in diagnostic applications. 
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USA 
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AB In order to det . the requirements for secretion of flavivirus 

structural proteins, the authors analyzed the expression of several West 
Nile flavivirus gene cassettes of different lengths in vaccinia 
virus expression systems. Expression of the longest cassette coding for 
the 5 1 -nontranslated region, proteins C through NS2B, and the protease 
domain of NS3, resulted in secretion of prM-E complexes and cleavage of 
prM. The presence and proper processing of the NS2A-NS2B-NS3 region 
appeared to be necessary for prM-E secretion. These proteins were 
released from cells mostly as membranous complexes which may represent 
empty viral envelopes. Cleavage of the membrane - as socd. intracellular 
form of protein C (Ci) to produce the virion form (Ce) appeared to be 
crit. for release of viral proteins. The presence and proper cleavage of 
the NS2A-NS2B-NS3 region were also found to be necessary for efficient 
C-prM cleavage by signalases. The NS2B-NS3 complex was implicated in 
cleavage of the intracellular form of protein C. Formation of a low 

level 

of virus -like particles was detected by 

electron microscopy. A model for virion formation, suggesting a crit. 
role of the NS2B and NS3 proteins, is discussed. 
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AB The authors discloses the use of hepatitis B virus (HBV) core antigen 
particles for presentation to the immune system of multiple immunogen 
specificities. The immunogens, epitopes, or other related structures, 



crosslinked or fused to HBV capsid-binding peptides that 

selectively bind to HBV core protein. Mixts. of different immunogens 

and/or capsid-binding peptide ligands may be crosslinked to the 

same HBV core particle. Such resulting multicomponent or multivalent HBV 

core particles may be advantageously used in therapeutic and prophylactic 

vaccines and compns . , as well as in diagnostic applications. 
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DOCUMENT NUMBER: 131:68778 

TITLE: Noncytopathic Flavivirus Replicon RNA-Based 

System for Expression and Delivery of Heterologous 
Genes 

AUTHOR (S) : Varnavski, Andrei N. ; Khromykh, Alexander A. 

CORPORATE SOURCE: Sir Albert Sakzewski Virus Research Centre, Royal 

Children's Hospital, Brisbane, 4029, Australia 
SOURCE: Virology (1999), 255(2), 366-375 

CODEN: VIRLAX; ISSN: 0042-6822 
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DOCUMENT TYPE: Journal 
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AB Noncytopathic replicons of the flavivirus Kunj in (KUN) were 

employed for expression and delivery of heterologous genes. Replicon 
vector C20DX2Arep, contg. a unique cloning site followed by the sequence 
of 2A autoprotease of foot-and-mouth disease virus, was constructed and 
used for expression of a no. of heterologous genes including 
chloramphenicol acetyltransf erase (CAT) , green fluorescent protein (GFP) , 
. beta . -galactosidase , glycoprotein G of vesicular stomatitis virus, and 
the Core and NS3 genes of hepatitis C virus. The expression and 
proper processing of these genes upon transfection of BHK21 cells with 



the 



recombinant replicon RNAs were demonstrated by immunofluorescence, 
radioimmunopptn. , and appropriate reporter gene assays. Most of these 
recombinant KUN replicon RNAs were also successfully packaged into 
secreted virus-like particles (VLPs 

) by subsequent transfection with Semliki Forest virus replicon RNA 
expressing KUN structural genes. Infection of BHK21 and Vero cells with 
these VLPs resulted in continuous replication of the recombinant 
replicon RNAs and prolonged expression of the cloned genes without any 
cytopathic effect. We also developed a replicon vector for generation of 
stable cell lines continuously expressing heterologous genes by inserting 
an encephalomyelocarditis virus internal ribosomal entry site-neomycin 
transferase gene cassette into the 3 ' -untranslated region of the 
C20DX2Arep vector. Using this vector (C20DX2ArepNeo) , stable BHK cell 
lines persistently expressing GFP and CAT genes for up to 17 passages 

were 

established. Thus noncytopathic KUN replicon vectors with the ability to 
be packaged into VLPs should provide a useful tool for the 
development of noninfectious and noncytopathic vaccines as well as for 
gene therapy applications. (c) 1999 Academic Press. 
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TITLE: In vitro assay for protein-protein interaction: 

carboxyl- terminal 40 residues of simian virus 40 
structural protein VP3 contain a determinant for 
interaction with VP1 

AUTHOR(S) : Gharakhanian, Editte; Takahashi, Jeffrey; Clever, 

Jared; Kasamatsu, Harumi 

CORPORATE SOURCE: Mol . Biol. Inst., Univ. California, Los Angeles, CA, 

90024-1606, USA 

SOURCE: Proceedings of the National Academy of Sciences of 

the 

United States of America (1988), 85(18), 6607-11 

CODEN: PNASA6; ISSN: 0027-8424 
DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB Intermol . interactions between polypeptide chains play essential roles in 
the functioning of proteins. An in vitro assay system for identifying 

and 

characterizing such interactions is described. Such interactions are 
difficult to study in vivo. Synthetic, nonmethyl- capped RNAs were 
translated in a cell-free protein-synthesizing system. 

The translation products were allowed to interact posttranslationally to 
form protein-protein complexes. The chem. nature of the protein 
interaction (s) was detd. by coimmunopptn . of assocg. proteins, 
sedimentation through sucrose gradients, followed by SDS-polyacrylamide 
gel electrophoresis or by nonreducing SDS-polyacrylamide gel 
electrophoresis. The system has been utilized to show the self- 
assembly of monomeric VP1, the major structural protein of simian 
virus 40, into disulf ide-linked pentamers and to show the noncovalent 
interaction of another structural protein, VP3 , with VP1 at low monomer 
concns. Addnl . , the carboxyl- terminal 40 amino acids of VP 3 are shown to 
be essential and sufficient for its interaction with VP1 in vitro. The 

in 

vitro assay system described here provides a method for identifying the 
domains involved in, and the mol. nature of, protein-protein 
interactions, 

which play an important role in such biol . phenomena as replication, 
transcription, translation, transport, ligand binding, and assembly. 
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TITLE: Expression, self-assembly, and 

antigenicity of the Norwalk virus capsid protein 
AUTHOR(S) : Jiang, Xi; Wang, Min; Graham, David Y. ; Estes, Mary 

K. 

CORPORATE SOURCE: Div . Mol . Virol., Baylor Coll. Med., Houston, TX, 

77030, USA 

SOURCE: Journal of Virology (1992), 66(11), 6527-32 

CODEN: JOVIAM; ISSN: 0022-538X 
DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB Norwalk virus capsid protein was produced by expression of the 2nd and 
3rd 

open reading frames of the Norwalk virus genome, using a cell- 
free translation system and baculovirus recombinants. Anal, of 
the expressed products showed that the 2nd open reading frame encodes a 
protein with an apparent mol. wt . of 58,000 (58K protein) and that this 
protein self -assembles to form empty virus-like particles similar to 
native capsids in size and appearance. The antigenicity of these 
particles was demonstrated by immunopptn. and ELISA of paired serum 
samples from volunteers who developed illness following Norwalk virus 
challenge. These particles also induced high levels of Norwalk 
virus-specific serum antibody in lab. animals following parenteral 
inoculation. A minor 34K protein was also found in infected insect 
cells . 

Amino acid sequence anal, of the N terminus of the 34K protein indicated 
that the 34K protein was a cleavage product of the 58K protein. The 
availability of large amts. of recombinant Norwalk virus particles will' 
allow the development of rapid, sensitive, and reliable tests for the 
diagnosis of Norwalk virus infection as well as the implementation of 
structural studies. 
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TITLE: Self-assembly of in 

vitro-translated human papillomavirus type 16 LI 
capsid protein into virus-like particles and 

antigenic 

reactivity of the protein 
AUTHOR (S) : Iyengar, Sujatha; Shah, Keerti V.; Kotloff, Karen L. 

Ghim, Shin-Je; Viscidi, Raphael P. 
CORPORATE SOURCE: Department Molecular Microbiology and Immunology, 

Johns Hopkins School Hygiene and Public Health, 
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SOURCE: Clinical and Diagnostic Laboratory Immunology (1996) 

3 (6) , 733-739 

CODEN: CD I MEN; ISSN: 1071-412X 
PUBLISHER: American Society for Microbiology 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The human papillomavirus type 16 (HPV-16) LI capsid protein is the major 
component of the HPV virion. We prepd. LI protein of HPV-16 in a 
cell -free system. The LI gene was cloned in an 

expression plasmid and transcribed and translated in vitro in a rabbit 
reticulocyte lysate. The expressed protein had the mol . mass (55 kDa) 
expected for the LI protein, and it assembled into virus-like particles 
that closely resembled papillomavirus virions. The protein retained 
conformational epitopes, as evidenced by its reactivity with monoclonal 
antibodies which recognize only intact viral particles. In 
radio immunopptn. assays with sera from college women grouped by their 
genital tract HPV DNA status, high reactivity was found in 68% of HPV-16 
DNA-pos. women, in 23% of women with other HPVs, and in 19% of HPV-neg. 
women. In comparison, none of the sera of children were reactive. The 
results of the radioimmunopptn. assays showed a significant correlation 
with results obtained with the same sera in an ELISA with virus-like 
particles produced in baculovirus (chi-square test for linear trend, P = 
0.0023). Although the amts. of LI protein obtained are small, the 
ability 

to produce virus-like particles by in vitro translation may be useful in 
the study of virus assembly, virus binding, and the immunol . response to 
HPV infection. 
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TI FOLDING OF DNA MOLECULES IN CHROMATIN. 

SO ACTA BIOL MED GER, (1975 (RECD 1976)) 34 (11-12), NO PAGE. 

CODEN: ABMGAJ. ISSN: 0001-5318. 
AU DAMASCHUN G 

AB A structural model for the folding of DNA in chromatin based on the X-ray 
diffraction patterns of deoxyribonucleoproteins (DNP) is presented. The 
DNA is oriented in the direction of DNP fibers and does not exhibit a 
superhelical structure. In the .nu. -bodies the DNA is folded 7 times on 
the envelope of a cylinder 10 nm in diameter. The height of the DNA 
hairpins is 9 nm-10 nm. The spacing between the refolded DNA segments is 
3.6 nm. This supramolecular folding crystalization of the DNA is 
a general principle of organization and, through different types of 
morphological growth of the folding crystals, leads to the chromatin, to 
.psi.-DNA, to DNA monocrystals and to DNA packing in some phage heads. 
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binding of NCp7 to ifs nucleic acid targets. The mechanism of these 
activities is still debated but several clues are in favor of an 
intermediate aggregation of nucleic acids by NCp7 . To check and 
characterize the nucleic acid aggregating properties of NCp7, we 
investigated the interaction of NCp7 with the model RNA homopolymer, 
polyA, by quasielastic tight scattering and optical density 
measurements. The ordered growth of monodisperse large particles 
independently of the nucleic acid size and the almost complete 
covering of polyA by NCp7 strongly suggested an ordered aggregation 
mechanism. The aggregate kinetics of growth in the optimum protein 
concentration range (greater than or equal to 2 mu M) were governed 
by a so-called Ostwald ripening mechanism limited by transfer of 
NCp7-covered polyA complexes from small to large aggregates. The 
aggregation process was strongly dependent on both Na+ at and Mg2 + 
concentrations, the optimum concentrations being in the 
physiological range. Similar conclusions held true when polyA was 
replaced by 16S+23S ribosomal RNA, suggesting that the NCp7 
aggregating properties were only poorly dependent on the nucleic 
acid sequence and structure. Finally, as in the NCp7 annealing 
activities, the basic regions of NCp7, but not the zinc fingers, 
were found critical in nucleic acid aggregation. Taken together, our 
data indicate that NCp7 is a highly efficient nucleic acid 
aggregating agent and strengthen the hypothesis that aggregation may 
constitute a transient step in various NCp7 functions. (C) 1997 John 
Wiley & Sons, Inc. 
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AB The coronavirus mouse hepatitis virus (MHV) is an enveloped positive 
stranded RNA virus. In infected cells MHV produces a 3* coterminal 
nested set of subgenomic messenger RNAs . Only the genomic RNA, 
however, is encapsidated by the nucleocapsid protein and 
incorporated in infectious MHV virions. It is believed that an RNA 
packaging signal (Ps), present only in the genomic RNA, is 
responsible for this selectivity. Earlier studies mapped this signal 
to a 69-nt stem-loop structure positioned in the 3 f end of ORFlb. 
The selective encapsidation mechanism probably initiates by specific 
interaction of the packaging signal with the nucleocapsid protein. 
In this study we demonstrate the in vitro interaction of 
the MHV-A59 nucleocapsid protein with the packaging signal of MHV 
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using gel retardation and UV cross-linking assays. This interaction 
was observed not only with the nucleocapsid protein from infected 
cells but also with that from purified virions and from cells 
expressing a recombinant nucleocapsid protein. The specificity of 
the interaction was demonstrated by competition experiments with 
nonlabeled Ps containing RNAs, tRNA, and total cytoplasmic 
RNA. The results indicated that no virus specific modification of 
the N-protein or the presence of other viral proteins are required 
for this in vitro intervention. The assays described in 
this report provide us with a powerful tool for studying 
encapsidation (initiation) in more detail. 
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^ABSTRACT IS AVAILABLE 
AB Nucleocapsid protein 7 (NCp7), the 

immunodeficiency virus type 1 (HTV-1) 
protein, was shown to strongly potentiate the dimerization 
of the retroviral genomic RNA. This process involves the inter 
action of two retroviral RNA monomer subunits near their 5 1 -ends. A 
region located upstream from the splice donor site was recently 
identified as being responsible for the formation of dimeric HIV-1 
RNA. This region appeared to be confined within a stem-loop 
structure, with an autocomplementary sequence in the loop. In an in 
vitro study of spontaneous dimer formation, we reported that 
the 77-402 RNA transcript forms two distinct dimers differing in 
their thermostability: D37 and D55. We identified D37 as a 
,! kissing 11 complex structure, formed via a loop-loop interaction 
between the two monomers, and D55 as a double stranded structure 
involving all nucleotides of the stem loop via canonical base 
pairing. In this report, we have characterized the role of NCp7 in 
the HIV-1 (Lai) RNA dimerization process by using in vitro 
dimerization assays with RNA transcripts of different lengths and 
dimer thermal dissociation. Our results show that the nucleocapsid 
protein NCp7 activates RNA dimerization very likely through 
interaction with the kissing complex and converts it into a stable 
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dirtier. Furthermore, this NCp7-prometed conversion only occurs, if the 
240-280 stem loop structure is present in HIV-l(Lai) RNA molecules 
and contains the autocomplementary G ( 257 ) CGCGC ( 2 62 ) sequence. This 
study suggests that, under physiological conditions, an 
NCp7-mediated RNA conformational change is involved in the 
maturation of the HIV-1 RNA dimer. 
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AB Nucleocapsid protein NCplO of murine leukemia 

virus (MuLV) is encoded by the 3' domain of gag and contains 
a zinc finger of the form Cys-X2-Cys-X4-His-X4-Cys flanked by basic 
amino acids. In the course of- virus assembly, NCplO is necessary for 
core formation, and the zinc finger flanked by the basic residues is 
required for the packaging of the genomic RNA dimer. In 
vitro, NCplO exhibits strong nucleic acid binding and 
annealing activities that appear to be critical for virus 
infectivity since NCplO promotes dimerization of the viral RNA 
containing the E/DLS packaging-dimerization signal and annealing of 
replication primer tRNA ( Pro) to the initiation site of 
reverse transcription (PBS). Recent in vitro studies have 
suggested that NCplO may also play a role in proviral DNA synthesis. 
To investigate the function of NCplO in proviral DNA synthesis in 
vivo, we developed a simple and convenient genetic packaging system 
consisting of two DNA constructs expressing the packaging components 
gag-pol and env of Friend MuLV and a Moloney MuLV-based lacZ vector 
with either the MuLV E+ or a rat VL30 E packaging signal. This 
system allowed us to examine the consequences of a set of mutations 
in NCplO on a single round of recombinant virus replication. Most 
mutations in the N- or C-terminal domain of NCplO do not 
significantly alter infectivity, while those in the zinc finger 
drastically impair infectivity. Analysis of the viral RNA content in 
virions showed that all mutations in the zinc finger decrease but do 
not abolish packaging of the recombinant genome. Interestingly 
enough, mutation of Y-28 to S (mutation Y28S) in the zinc finger 
results in RNA packaging at a level similar to that observed upon 
deletion of three prolines and three arginines in the C-terminal 
domain of NCplO (mutant delta PR3) . However, mutant Y28S is 
noninfectious while mutant delta PR3 is only threefold less 
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infectious than the wild-type virus, which prompted us to examine 
the role of NCplO protein in proviral DNA synthesis in vivo using 
these nucleocapsid mutants. PGR amplification was used to analyze 
viral DNA synthesized in newly infected cells, and results indicate 
that the Y28S zinc finger mutation impairs reverse transcription, 
thus suggesting that the nucleocapsid protein zinc finger plays a 
key role in proviral DNA synthesis in vivo. 
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AB Retroviral reverse transcription starts near the 5 1 end of unspliced 
viral RNA at a sequence called the primer binding site (PBS), where 
the tRNA primer anneals to the RNA template for initiation 
of DNA synthesis. We have investigated the roles of NCp7 in 
annealing of primer tRNA ( Lys3 ) to the PBS and in reverse 
transcriptase (RT) activity, using a cell-free reverse transcription 
reaction mixture consisting of various 5 1 viral RNA templates, 
natural primer tRNA(Lys3) or synthetic primer, human 
immunodeficiency virus type I (HIV-1) nucleocapsid 
protein (NCp7), and HIV-1 RT. In the presence of 
tRNA(Lys3) , NCp7 was found to stimulate synthesis of 
minus-strand strong-stop DNA [(-)ssDNA], consistent with previous 
reports. However, specific DNA synthesis was observed only at a 
NCp7/RNA ratio similar to that predicted to be present in virions. 
Moreover, at these concentrations, NCp7 inhibited the synthesis of 
nonspecific reverse-transcribed DNA products, which are initiated 
because of self-priming by RNA templates. In contrast to results 
obtained with tRNA(Lys3) as primer, NCp7 inhibited the 
synthesis of (-)ssDNA products primed by an 18-nucleotide *(nt) 
ribonucleotide (rPR) , complementary to the PBS, even though rPR can 
initiate synthesis of such material in the absence of preannealing 
with NCp7 . Primer placement band shift assays showed that NCp7 was 
necessary for efficient formation of the tRNA-RNA complex. 
In contrast, NCp7 was found to prevent formation of the rPR-RNA 
complex. Since NCp7 appears to exert opposite effects (annealing 
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versus dissociation) on tRNA(Lys3) and rPR substrates, the 

non-PBS binding regions of the tRNA ( Lys 3 ) molecule may 

play a role in the annealing of tRNA to the template. We 

also investigated the roles of an A-rich loop upstream of the PBS, a 

7-nt region immediately downstream of the PBS, and a 54-nt deletion 

further downstream of the PBS in interactions with tRNA 

(Lys3) . We found that deletions in the 54 -nt region that may prevent 

formation of the US-leader stem prevented tRNA(Lys3) 

placement and priming, while deletions in the A-rich loop or the 

7-nt sequence had relatively minor effects in this regard. 
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AB The nucleocapsid (NC) protein of human 

immunodeficiency virus type 1 is required for packaging of 
viral RNA and for virion assembly. It contains two clusters of basic 
amino acids, consisting of five and four amino acid residues, 
flanking the first of its two zinc fingers, These amino acid 
residues have been mutagenized to neutral ones individually, as well 
as in various combinations, by site-directed mutagenesis. Wild-type 
NCp7 and the mutant proteins were expressed as recombinant proteins 
in Escherichia coli, with six histidines as tags at their amino 
termini in order to allow efficient purification. The purified 
proteins were analyzed for RNA binding in vitro with human 
immunodeficiency virus type 15' leader RNA transcribed in 
vitro. Assays comprised Northwestern blots at various salt 
concentrations and filter binding tests which allowed determination 
of the dissociation constants of the various mutants, The results 
indicated that mutations of the amino acid R-7 and of R-32 and K-33 
were more critical for RNA binding than other mutations. Mutation of 
the other amino acid residues reduced the binding affinity in 
proportion to the number of mutations, Mutation of seven of the nine 
basic amino acid residues reduced the binding of RNA by 50- to 
90-fold. 
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Kunjin virus (KUN) C is a typical flavivirus core protein which is 
truncated in vivo to a mature form of 105 residues enriched in 
lysine and arginine. In order to study the possible association of 
KUN C with RNA in vitro, we prepared several recombinant C 
proteins with specific deletions, each fused at the amino-terminus 
to glutathione-S-transferase (GST) and expressed in E. coli. They 
were reacted with KUN RNA probes transcribed in vitro from 
cDNA representing the 5 1 untranslated region (5 ! UTR, 93 to 96 
nucleotides), the 3 ! UTR (624 nucleotides), and the 5 f UTR plus most 
of the C coding region (5 1 core, 440 nucleotides). Fusion protein 
C107 (incorporating mature C) bound strongly to all KUN RNA probes 
with apparent specificity, being completely resistant to inhibition 
by 800 mM NaCl, and to competition by a large excess of tRNA 
. In reactions with labelled KUN RNA probes putative binding sites 
were identified in the isolated amino-terminal (32 residues) and 
carboxy-terminal (26 residues) basic amino acid domains; this 
binding was strongly competed by unlabelled KUN UTR probes but 
weakly or not at all by tRNA. These small domains probably 
acted co-operatively in binding of mature C to KUN RNA probes. The 
KUN RNA- core protein binding reactions are similar to those reported 
with other viral coat or capsid proteins 
and viral RNAs . 
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AB Current research indicates that the nucleocapsid 

protein (NCp7) of human immunodeficiency virus 

type 1 (HIV-1) interacts with a variety of RNA substrates during the 
progression of the viral life cycle. The RNA features specifically 
recognized by the protein, however, have yet to be identified. SELEX 
was used to generate a set of RNAs whose affinities for nucleocapsid 
were on the order of 2 x 10 (-9) M. Comparative analysis revealed 
that each RNA contains a highly conserved fourteen nucleotide 
sequence-block. Computer modeling and structure probing experiments 
indicate that the RNA ligands use the consensus sequence to fold 
into hairpins with an identical asymmetric bulge. The presence of 
the nucleocapsid protein protects the asymmetric bulge from 
ribonuclease attack, suggesting that it is the key element in 
protein recognition. A search for similar structural motifs within 
the HIV genome reveals several potential interaction sites for the 
nucleocapsid protein. (C) 1996 Academic Press, Inc. 
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AB Capsid protein CAp30 and nucleocapsid protein NCplO of Moloney 

murine leukemia virus (MoMuLV) are the 2 major proteic components of 
the virion core and are generated by processing of the gag 
polyprotein precursor, Pr65-gag, by the viral protease. In the 
virion core, several hundred NCplO molecules are bound to the 
genomic RNA dimer forming the nucleocapsid structure. In 
the course of virus assembly, NC protein, as the 

mature NCplO and/or as the gag precursor, appears to direct genomic 
RNA packaging. In vitro, NCplO has nucleic acid binding 
and annealing activities and promotes viral RNA dimerization and the 
annealing of replication primer tRNA- Pro to the primer 
binding site (PBS) which is necessary for the initiation of reverse 
transcription. To investigate whether maturation of NCplO is 
required for .virus formation, we substituted charged residues for 
the hydrophobic amino acids at the capsid-nucleocapsid protein 
cleavage site in order to prevent maturation of NCplO. Here we 
report that these mutations abolished maturation of capsid protein 
CAp30 and NCp 10 by the viral protease in vitro. When 
these mutations were introduced into an infectious MoMuL V molecular 
clone, Pr65-gag precursor was synthesized in transfected cells but 
virion production was strongly diminished and mutant viruses were 
not infectious. These results suggest that maturation of NCplO is 
required for optimal virion release and production of infectious 
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virus . 
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The nucleocapsid protein NCp7 of human 
immunodeficiency virus type 1 (HIV-1) contains two zinc 
finger domains (CCHC boxes), which have been shown to be very 
important in the viral replication cycle. However, these domains are 
not involved directly in either in vitro RNA dimerization 
or tRNA(Lys,3) annealing. For a more detailed 

understanding of the role of the zinc fingers in the different 
functions of NCp7, antibodies directed against these domains would 
be very useful. For this purpose, a cyclic peptide analog of the 
proximal zinc finger ( 13-30 )NCp7 has been synthesized in solid phase 
using a strategy of combined Fmoc and Boc chemistry. On the basis of 
the 3D structural data of NCp7, the Asnl7 and Ala30 have been 
changed to Glul7 and Lys30 and a cyclization carried out between 
their side chains. The structures of the cyclic and native peptides 
complexed with Co2+ and Zn2+ were studied by visible and 2D 1H NMR 
spectroscopy, respectively. The nuclear Overhauser effects obtained 
were applied as constraints to determine the solution structures 
using DIANA software followed by AMBER energy refinement. The 
results show that the cyclic peptide retains the highly folded 
structure of the native peptide and exhibits an enhanced affinity 
for metallic ions. These are favorable parameters for the generation 
of antibodies against the zinc fingers in NCp7 . 
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The nucleocapsid protein NCp7 of human 

immunodeficiency virus, type 1, is a key component in the 
viral life cycle. Since, the first common step of all reported NCp7 
activities corresponds to a nucleic acid-binding step, the NCp7 
binding parameters to the natural primer tRNA(3Lys) were 
investigated. Using NCp7 intrinsic fluorescence, we found that (i) 
in 0.1 M NaCl, NCp7 bound noncooperatively to tRNA(3Lys) 
with a Kobs = 3.2 x 10(6) M-l association constant and a n = 6 
binding site size, (ii) four ionic interactions were formed in the 
NCp7 . tRNA ( 3Lys ) complex, and (iii) nonelectrostatic 
factors provided about 60% of the binding energy. These binding 
parameters were not significantly altered when the natural 
tRNA ( 3Lys ) was replaced by either an in vitro 
synthetic tRNA ( 3Lys ) transcript, the heterologous yeast 
tRNA(Phe) or the structurally unrelated 5 S RNA from 
Escherichia coli. Moreover, the environment of the intrinsic 
fluorescent reporters (Trp37 and Trp61) was similar in the various 
complexes. Finally, experiments performed at low protein 
concentration provide no evidence of high affinity binding sites. 
Taken together, our data strongly suggested an essentially 
nonspecific binding of NCp7 to tRNA ( 3Lys ) and thus did not 
seem to support a direct role of NCp7, per se, in the selection of 
tRNA ( 3Lys ) from the pool of cellular tRNAs. 
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1H NMR structure and biological studies of the 
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AB The nucleocapsid protein NCp7 of human 

immunodeficiency virus type 1 (HIV-1), which has key 
functions in the virus life cycle, possesses two zinc fingers of the 
CX2CX4HX4C type characterized by three successive loops containing a 
tetrahedrally coordinated zinc atom. The replacement of any cysteine 
by a serine in either finger has been shown to result in the 
production of noninfectious viruses, probably by impairing the 
biological functions of NCp7 . In order to more precisely elucidate 
the structural role of the zinc finger motif, His23 was replaced by 
Cys in the proximal finger of the peptide ( 13-64 )NCp7 which retains 
NCp7 activities in vitro. The peptide Cys23 ( 13-64 ) NCp7 was 
synthesized by solid phase and studied by 2D 1H NMR and molecular 
modeling. The His to Cys modification causes important structural 
modifications of the N-terminal zinc finger which impair the spatial 
proximity of the two zinc fingers as shown by the disappearance of 
several interresidue NOEs . The side chains of Vall3, Lysl4, Phel6, 
Thr24, Ala25, Trp37, Gln45, and Met46, which are thought to be 
involved in nucleic acid recognition, are no longer found clustered 
in the Cys23 (13-64 ) NCp7 mutant as they are in the wild-type NCp7 
structure. In vitro, Cys23 ( 13-64 ) NCp7 is unable to tightly 
interact with the viral RNA or replication primer tRNA 
(Lys,3). The Cys23(NCp7) mutation was introduced into an infectious 
HIV-1 molecular clone, and virions produced upon DNA transfection 
into cells were analyzed for their viral protein and RNA 
compositions as well as for their infectivity. Results show that, 
while the Cys23{NCp7) mutation does not impair virion production, 
viruses contain a low amount of degraded viral RNA and are not 
infectious. These findings suggest that a bona fide conformation of 
the HIV-1 NCp7 is critical for the packaging of viral RNA, its 
stability in virions, and virus infectivity. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB The nucleocapsid (NC) protein of human 

immunodeficiency virus HIV-1 (NCp7) isresponsible for 
packaging the viral RNA by recognizing a packaging site (PSI)on the 
viral RNA genome. NCp7 is a molecule of 55 amino acids containing 
two zinc fingers, with only the first one being highly conserved * 
among retroviruses. The first zinc finger is flanked by two basic 
amino acid clusters. Here we demonstrate that chemically synthesized 
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NCp7 specifically binds to viral RNA containing the PSI using 
competitive filter binding assays. Deletion of the PSIfrom the RNA 
abrogates this effect. The 35 N-terminal amino acids of NCp7, 
comprising the first zinc finger, are sufficient for specific RNA 
binding. Chemically synthesized mutants of the first zinc finger 
demonstrate that the amino acid residues C-C-C/H-C/H are required 
for specific RNA binding and zinc coordination. Amino acid residues 
F16 and T24, but not K20, E21 and G22, located within this zinc 
finger, are essential for specific RNA binding as well. The second 
zinc finger cannot replace the first one. Furthermore, mutations in 
the basic amino acid residues flanking the first zinc finger 
demonstrate that R3, 7,10, 29 and 32 but riot Kll, 14, 33 and 34 are 
also essential for specific binding. Specific binding to viral RNA 
is also observed with recombinant NCpl5 andPr55Gag. The results 
demonstrate for the first time specific interaction of aretroviral 
NC protein with its PSI RNA in vitro. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Two DNA strand transfers are required during reverse 

transcription of the RNA genome of retroviruses to complete provirus 
synthesis. To understand more about the first strand transfer 
reaction, that of the minus-strand DNA from the 5' to the 3' end of 
the retroviral genome, we devised an in vitro system 
mimicking the Moloney murine leukemia virus reverse transcription 
process. Two RNAs corresponding to the 5' and 3 1 regions of the 
genome were used to perform reverse transcription assays. The role 
of the nucleocapsid protein NCplO, which is tightly bound to the 
genome in the virus, was investigated in this system as well as the 
requirement of the 5 1 and 3' terminal repeats (R sequences) and the 
poly (A) tail. The results show that NCplO drastically enhances the 
strand transfer reaction and that interactions between reverse 
transcriptase, nucleocapsid protein and 

viral RNA may be important . Both R sequences are required 
for an efficient and accurate DNA strand transfer and the poly (A) 
tail facilitates this reaction. Furthermore, it is probable that 
both intra- and intermolecular DNA strand transfers occur when the 
5' and 3 1 ends of the genome are present on the same molecule. 
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The nucleocapsid (NC) protein NCp7 of human immunodeficiency virus 
type 1 (HIV-1) is important for encapsidation of the virus genome, 
RNA dimerization, and primer tRNA annealing in 
vitro. Here we present evidence from gel mobility-shift 
experiments indicating that NCp7 binds specifically to an RNA 
sequence. Two complexes were identified in native gels. The more 
slowly migrating complex' contained two RNA molecules and one 
peptide, while the more rapidly migrating one is composed of one RNA 
and one peptide. Further, mutational analysis of the RNA shows that 
the predicted stem and loop structure of stem-loop 1 plays a 
critical role. Our results show that NCp7 binds to a unique RNA 
structure within the psi region; in addition, this structure is 
necessary for RNA dimerization. We propose that NCp7 binds to the 
RNA via a direct interaction of one zinc-binding motif to stem-loop 
1 followed by binding of the other zinc-binding motif to stem-loop 
1, stem-loop 2, or the linker region of the second RNA molecule, 
forming a bridge between the two RNAs . 
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Basic amino acids flanking the zinc finger of Moloney 
murine leukemia virus nucleocapsid 
protein NCplO are critical for virus 
infectivity. 
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AB Nucleocapsid (NC) protein NCplO of Moloney murine leukemia virus is 
encoded by the 3 1 domain of gag and contains a zinc finger 
surrounded by basic amino acids. During virion assembly, NC protein 
is necessary for core formation and the NC zinc finger is required 
for the packaging of the genomic RNA dimer. In vitro NCplO 
has RNA-binding and -annealing activities critical for virus 
infectivity, since NCplO promotes dimerization of viral RNA 
containing the Psi packaging element and annealing of replication 
primer tRNA(Pro) to the initiation site of reverse 

transcription {primer-binding site) . To investigate the role of the 
basic amino acids flanking the NCplO zinc finger, neutral residues 
were substituted for the basic amino acids and the effects of these 
mutations in vivo on virus assembly and infectivity and in 
vitro on the RNA-annealing activity of NCplO were analyzed. 
Here we report that the substitution of 1 or 2 neutral amino acids 
for the basic residues did not impair the production of mature 
virions but that infectivity was either moderately or strongly 
attenuated. When more than 2 basic residues were replaced by neutral 
amino acids, viruses were poorly infectious because of a severe 
defect in genomic RNA dimer packaging and initiation of reverse 
transcription. In vitro NCplO-derived peptides with 
similar mutations were chemically synthesized and were found to be 
either fully or partially active or completely inactive. These data 
. indicate that the basic residues flanking the zinc finger of NCplO 
are required for the production of infectious Moloney murine 
leukemia virus virions. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB In the virion core of retroviruses, the genomic RNA is tightly 

associated with nucleocapsid (NC) protein molecules, forming the 
nucleocapsid structure. NC protein, a highly basic protein with two 
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zinc fingers, is indispensable for RNA dimerization, encapsidation 
and the initiation of reverse transcription in avian, murine and 
human retroviruses. Here we show that NC protein of HIV-1 (NCp7) and 
NCp7 mutants bind to DNA fragments representing proviral DNA 
sequences, forming stable complexes. NCp7 and NCp7 mutants form high 
molecular weight complexes with large DNA fragments and show 
cooperativity in binding to the DNAs . It appears that the conserved 
basic residues, and not the zinc fingers, are important for complex 
formation. In addition, NCp7 and several NCp7 mutants protect DNAs 
from nuclease digestion while the DNA ends appear to be poorly 
protected. NCp7 has been found to bind to strong stop cDNA, the 
initial product of reverse transcription, and to promote the 
annealing of this cDNA to HIV-1 RNA corresponding to the 3 1 end of 
the genome. In addition, NCp7 slightly stimulates an in 
vitro IN cleavage assay. These results indicate that the 
interactions between NCp7 and proviral DNA may be important during 
provirus synthesis and/or prior to integration. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Two DNA strand transfer reactions take place during reverse 

transcription of the retroviral genome. The first transfer, that of 
the minus-strand strong stop DNA from the 5 f end of the viral RNA to 
the 3 1 end, has been studied in vitro with two RNAs 
mimicking the 5' and 3 1 regions of the HIV1 genome and with 
nucleocapsid protein, NCp7, and reverse transcriptase. The results 
show that NCp7 strongly activates the 5' to 3 1 DNA strand transfer 
during reverse transcription while a basic peptide resembling NCp7 
is inactive. Activation of the first transfer by several NCp7 
derived peptides and the influence of the terminal redundancies (R) 
present at the 5 1 and 3 T ends of HIV1 RNA were also examined The 
first transfer is optimal in the presence of intact NCp7 and 
necessitates R on both the 5' and 3' RNAs. Sequencing of full length 
viral DNA products reveals approximately 40 % misincorporations at 
the first nucleotide beyond the transfer point. If such base 
misincorporations occur during proviral DNA synthesis with possible 
homologous recombinations it may well contribute to the high level 
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of genetic variability of HIV. 
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AB The nucleocapsid (NC) of human immunodeficiency virus type 1 
consists of a large number of NC protein molecules, probably 
wrapping the dimeric RNA genome within the virion inner core. NC 
protein is a gag-encoded product that contains two zinc fingers 
flanked by basic residues. In human immunodeficiency virus type 1 
virions, NCplS is ultimately processed into NCp7 and p6 proteins. 
During virion assembly the retroviral NC protein is necessary for 
core formation and genomic RNA encapsidation, which are essential 
for virus infectivity. In vitro NCpl5 activates viral RNA 
dimerization, a process most probably linked in vivo to genomic RNA 
packaging, and replication primer tRNA ( Lys , 3 ) annealing to 
the initiation site of reverse transcription. To characterize the 
domains of human immunodeficiency virus type 1 NC protein necessary 
for its various functions, the 72-amino acid NCp7 and several 
derived peptides were synthesized in a pure form. We show here that 
synthetic NCp7 with or without the two zinc fingers has the RNA 
annealing activities of NCpl5. Further deletions of the N-terminal 
12 and C-terminal 8 amino acids, leading to a 27-residue peptide 
lacking the finger domains, have little or no effect on NC protein 
activity in vitro. However deletion of short sequences 
containing basic residues flanking the first finger leads to a 
complete loss of NC protein activity. It is proposed that the basic 
residues and the zinc fingers cooperate to select and package the 
genomic RNA in vivo. Inhibition of the viral RNA binding and 
annealing activities associated with the basic residues flanking the 
first zinc finger of NC protein could therefore be used as a model 
for the design of antiviral agents. 
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Recombinant HIV-1 nucleocapsid protein pl5 produced 
as a fusion protein with glutathione S-transf erase in 
Escherichia coli mediates dimerization and enhances 
reverse transcription of retroviral RNA. 
Weiss S; Konig B; Morikawa Y; Jones I 
Boehringer Mannheim GmbH, Research Center Penzberg, 
Germany . 

GENE, (1992 Nov 16) 121 (2) 203-12. 
Journal code: 7706761. ISSN: 0378-1119. 
Netherlands 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals; AIDS 
199212 

Entered STN: 19930129 
Last Updated on STN: 19990129 
Entered Medline: 19921230 
Human immunodeficiency virus 1 (HIV-1) 
nucleocapsid protein pl5 was produced as a fusion 

protein with glutathione S-transf erase (GST) in Escherichia coli. 
Rapid purification of GST::pl5 in an active form by one-step 
glutathione-agarose chromatography was accomplished in the presence 
of an antioxidant. Recombinant pl5 fused to GST was shown to 
stimulate the dimerization of viral RNA. HIV-1 reverse 
transcriptase-catalyzed in vitro synthesis of minus-strand 
cDNA from synthetic human tRNA (Lys3UUU) and natural bovine 
tRNA(Lys3SUU) primer molecules was enhanced by GST::pl5. GST 
produced in E.coli revealed no effect with respect to RNA 
dimerization and cDNA synthesis, demonstrating that both activities 
reside in the pl5 portion of the fusion protein. 
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The zinc fingers of retroviral gag nucleocapsid proteins (NC) are ■ 
required for the specific packaging of the dimeric RNA genome into 
virions. In vitro, NC proteins activate both dimerization 
of viral RNA and annealing of the replication primer tRNA 
onto viral RNA, two reactions necessary for the production of 
infectious virions. In this study the role of the zinc finger of 
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Moloney murine leukemia virus (MoMuLV) NCplO in RNA binding and 
annealing activities was investigated through modification or 
replacement of residues involved in zinc coordination. These 
alterations did not affect the ability of NCplO to bind RNA and 
promote RNA annealing in vitro, despite a complete loss of 
zinc affinity. However mutation of two conserved lysine residues 
adjacent to the finger motif reduced both RNA binding and annealing 
activities of NCplO. These findings suggest that the complexed NC 
zinc finger is not directly involved in RNA-protein interactions but 
more probably in a zinc dependent conformation of NC protein 
modulating viral protein-protein interactions, essential to the 
process of viral RNA selection and virion assembly. Then the NC zinc 
finger may cooperate to select the viral RNA genome to be packaged 
into virions. 
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The virion cores of the replication type 1 human immunodeficiency 
virus (HIV-1), a retrovirus, contain an RNA genome associated with 
nucleocapsid (NC)' and erverse transcriptase (RT p66/p51) molecules. 
In vitro reconstructions of these complexes with purified 
components show that NC is required for efficient annealing of the 
primer tRNALys, 3 . In the absence of NC, HIV-1 RT is unable to 
retrotranscribe the viral RNA template from the tRNA 
primer. We demonstrate that the HIV-1 RT p66/p51 specifically binds 
to its cognate primer tRNALys, 3 even in the presence of a 100-fold 
molar excess of other tRNAs. Cross-iinking analysis of 
this interaction locates the contact site to a region within the 
heavily modified anti-codon domain of tRNALys, 3. 
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AB A stable mRNA- dependent cell-free translation system from 

Saccharomyces cerevisiae, prepared by a modification of the method 
of Hofbauer et al. [Eur. J. Biochem. 122 (1982) 199-203] was active 
in translation of exogenous homologous and heterologous mRNAs . 
Optimal translational activity required the addition of polyamines 
and yeast tRNA. The m transcript of the M segment of 
double-stranded RNA, synthesized in vitro using the killer 
virus-associated RNA polymerase, directed the synthesis of 
preprotoxin polypeptide (M-p32), which was immunologically 
identified using antitoxin antibody. Sindbis virus 
capsid protein and rabbit globin were also 

translated from their mRNAs. Translation was inhibited by puromycin, 
sparsomycin and anisomycin. Analogues of the 5' -terminal caps 
present on most eukaryotic mRNA molecules inhibited translation of 
added mRNAs, including capped mRNAs and the uncapped killer virus 
mRNA. 
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AB The three major capsid proteins of 

adeno-associated virus type 2 (AAV2) virions are 

designated A, B, and C and have molecular sizes of 90, 72, and 60 
kDa, respectively. These proteins are related, and genetic studies 
have shown they are encoded by a long open reading frame located in 
the right half of the genome. The coding capacity distal to the 
first ATG in this reading frame is only 503 amino acids (i.e., a 
protein about the size of protein C) , but an open frame sequence 
devoid of ATG codons extends upstream for an additional 184 codons . 
Although the amino terminus of the C capsid protein is blocked, 
partial amino acid sequence analyses of peptides from C have 
confirmed that it is encoded within the portion of the reading frame 
distal to the first ATG at nucleotide (nt) location 2810. The amino 
terminus of the B capsid protein is not blocked, and its sequence 
begins with alanine. The triplet encoding this alanine lies 64 
codons upstream from the initiation site for protein C and is 
immediately preceded by the threonine codon, ACG, at nt 2 615. This 
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ACG codon lies in the most favorable sequence context for protein 
synthesis initiation. All three AAV 2 capsid proteins are labeled in 
vitro with f ormyl [ 35S] methionyl-tRNAf , indicating that 
synthesis of each protein is initiated independently. Our data 
suggest that the nt 2615 ACG codon directs the methionyl- 
tRNA-dependent initiation of the AAV 2 B capsid protein. 
Proteins B and C may be synthesized from the same mRNA species and 
their relative abundance could be determined by the efficiencies of 
their respective initiation codons . 
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Polyoma virus has three late mRNA 1 s : one for each 
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Polyoma virus mRNA, isolated from the cytoplasm of 3T6 cells late 
after infection and purified by hybridization to Hpall fragment 3 of 
polyoma virus DNA, was separated on 50% f ormamide-containing sucrose 
density gradients, and the fractionated RNA was recovered and 
translated in vitro. Analysis of the cell-free products 
showed that the minor virion protein VP3 was synthesized from an 
mRNA sedimenting at approximately 18S betweeen the 19S VP2 mRN and 
the 16S VP1 mRNA. Other experiments showed that the VP2 and VP3 can 
be labeled with formyl methionine from initiator tRNA. We 
conclude that there are three late polyoma virus mRNA 1 s , each 
directing the synthesis of only one viral capsid 
protein . 
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AB Polyadenylated cytoplasmic RNA from polyoma virus-infected cells can 
be translated in the wheat germ system to yield all three polyoma 
virus capsid proteins, VP1, VP2, and 
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VP3. The translation products of RNA selected from total cytoplasmic 

RNA of infected cells by hybridization to polyoma virus DNA showed a 

high degree of enrichment for VP1, VP2, and VP3. The identity of the 

in vitro products with authentic viron proteins was 

established in two ways. First, tryptic peptide maps of the in 

vitro products were found to be essentially identical to 

those of their in vivo counterparts. Second, the mobilities of the 

in vitro products on two-dimensional gels were the same as 

those of viral proteins labeled in vivo. VP1, VP2, and VP3 were all 

labeled with [35S] f ormylmethionine when they were synthesized in the 

presence of [35S] f ormylmethionyl-tRNA ( f ) (met) . We 

determined the sizes of the polyadenylated mRNA 1 s for VP1, VP2 , and 
VP3 by fractionation on gels. The sizes of the major mRNA species 
for the capsid proteins are as follows: VP2, 8.5 x 105 daltons; VP3, 
7.4 x 105 daltons; and VP1, 4.6 x 105 daltons. We conclude that all 
three viral capsid proteins are 

synthesized independently in vitro, that all three 
viral capsid proteins are virally coded, 

and that each of the capsid proteins has a discrete mRNA. 
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AB The proteins synthesized in vitro in response to 42S and 

2 6S RNAs from Semliki Forest virus were labeled with 

formyl- [35S]methionine from initiator tRNA. One 

protein which comigrated with viral capsid 

protein was labeled under the direction of 26S RNA, and only 
one labeled peptide was detected after digestion with trypsin. 
Further digestion with pronase gave rise to the dipeptide fMet-AsN. 
Several labeled polypeptides were found in the 42S RNA directed 
product and these had molecular weights of up to 150,000. However, 
tryptic digestion of the product yielded only one 

formylmethionyl-labeled peptide, which had a different mobility from 
that directed by the 26S RNA. Further digestion with pronase gave a 
single dipeptide, fMet-Ala. This indicates that nonstructural 
proteins as large as 150,000 daltons are probably synthesized from 
one initiation site on the 42S RNA. Translation starting from the 
internal initiation site on the 42S RNA, which is equivalent to that 
on the 26S RNA, could not be detected under the conditions used. 
Internal initiation sites which are similarly inactive have also 
been detected in other viral RNAs (e.g., brome mosaic virus, tobacco 
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mosaic virus, and polyoma 19S RNA) and this suggests that, although 
eukaryotic mRNAs can contain more than one initiation site for 
protein synthesis, only the site nearer the 5 1 terminus is active in 
vitro. 
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AB Sindbis virus 26S RNA is the principal species of virus specific RNA 
found in the infected cell; it is derived from a one third segment 
of virion 42S RNA. When translated in cell free extracts from mouse 
ascites cells or rabbit reticulocytes, 26S RNA directed the 
synthesis primarily of the 33,000 dalton virus 
capsid protein, and the protein products 

were in the form of free peptides rather than peptidyl tRNA 
. In contrast, the polypeptides synthesized in either extract in 
response to Sindbis virus 42S RNA were heterogeneous, ranging in 
molecular weight from 33,000 to 190,000, and were largely in the 
form of peptidyl tRNA. The number of independent 

initiation sites on the 26S and 42S RNAs was determined by analyzing 
a tryptic digest of reaction products labeled with yeast N formyl 
35S methionyl tRNA ( F) (MET) . The 26S RNA appeared to 

contain a single initiation site, and this site could also be found 
in varying amounts in different preparations of 42S RNA. However, a 
second initiation site, distinct from that of 26S RNA was the major 
site in 42S virion RNA. These results suggest that 42S virion RNA 
contains two potential sites for initiation of protein synthesis. 
Only one of these may be active, however, and it is postulated that 
the second site functions primarily, if not exclusively, in the 
subgenomic 26S RNA species. In this regard, Sindbis virus 42S RNA 
may represent a novel form of a eucaryotic messenger RNA. 
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AB All lentiviruses and oncoretroviruses examd. so far encode a major 
nucleic-acid binding protein (nucleocapsid or NC* protein) ,. approx . 
2500 mols. of which coat the dimeric RNA genome. Studies on HIV-1 
and MoMuLV using in vitro model systems and in vivo have 
shown that NC protein is required to chaperone viral RNA 
dimerization and packaging during virus assembly, and proviral DNA 
synthesis by reverse transcriptase (RT) during infection. The human 
cellular prion protein (PrP), thought to be the major component of 
the agent causing transmissible spongiform encephalopathies (TSE) , 
was recently found to possess a strong affinity for nucleic acids 
and to exhibit chaperone properties very similar to HIV-1 NC protein 
in the HIV-1 context in vitro. Tight binding of PrP to 
nucleic acids is proposed to participate directly in the prion 
disease process. To extend our understanding of lentiviruses and of 
the unexpected nucleic acid chaperone properties of the human prion 
protein, we set up an in vitro system to investigate 
replication of the feline immunodeficiency virus (FIV) , which is 
functionally and phylogenetically distant from HIV-1. The results 
show that in the FIV model system, NC protein chaperones viral RNA 
dimerization, primer tRNALys, 3 annealing to the genomic 
primer-binding site (PBS) and minus strand DNA synthesis by the 
homologous FIV RT. FIV NC protein is able to trigger specific viral 
DNA synthesis by inhibiting self-priming of reverse transcription. 
The human prion protein was found to mimic the properties of FIV NC 
with respect to primer tRNA annealing to the viral RNA and 
chaperoning minus strand DNA synthesis. 
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of recent studies have suggested that the function of 
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AB Although a no. 

the hepatitis C virus (HCV) core protein may be both to package the 

viral genome and to modulate host cellular processes, little is 

known of the structure of the core protein necessary to accomplish 

these functions. Using in vitro assembled particles that 

mimic essential features of native HCV nucleocapsids, we report the 

earliest structural information of the HCV core 

protein and its nucleocapsid. The core protein is 

proteinase-resistant when assembled into nucleocapsid-like particles 
or complexed with nucleic acid in vitro. In contrast, the 
highly basic amino terminus of the free core protein is sensitive to 
proteolytic digestion. The hydrophobic carboxyl-terminal region of 
the core protein stabilizes the structure of the free core protein 
but is not required to stabilize core protein assembled into 
nucleocapsid-like particles or complexed to nucleic acid. 
Significantly, the carboxyl-terminal region is sufficient, but not 
necessary, to fold the core protein into a stable structure. These 
data are consistent with a model of a partially flexible HCV core 
protein that undergoes extensive conformational changes upon binding 
to nucleic acid and assembling into nucleocapsid particles. In 
addn., the susceptibility of nucleocapsid particles to RNase 
digestion suggests that RNA-core interactions may stabilize HCV 
nucleocapsids . 
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DOCUMENT TYPE: Journal 
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AB The human immunodeficiency virus type 1 (HIV-1) RNA genome encodes a 
semistable stem-loop structure, the U5-PBS hairpin, which occludes 
part of the tRNA primer binding site (PBS) . In previous 
studies, we demonstrated that mutations that alter the stability of 
the U5-PBS hairpin inhibit virus replication. A reverse 
transcription defect was measured in assays with the virion-extd. 
RNA- tRNA complexes. We now extend these studies with in 
vitro synthesized wild-type and mutant RNA templates that 
were tested in primer annealing and reverse transcription assays. 
The effect of annealing temp, and the presence of the viral 
nucleocapsid protein on reverse transcription was 

analyzed for the templates with a stabilized or destabilized U5-PBS 
hairpin, and in reactions initiated by tRNA or DNA 
primers. The results of this in vitro assay are 
consistent with the in vivo findings, in that both tRNA 
annealing and initiation of reverse transcription are sensitive to 
stable template RNA structure. Reverse transcription initiated by a 
DNA primer is less hindered by secondary structure in the RNA 
template than tRNA primed reactions. The inhibitory 
effect of template structure on tRNA-primed reverse 
transcription is more pronounced in this in vitro assay 
compared with the in vivo material, indicating that the 
heat-annealed RNA- tRNA complex differs from the 
virion-extd. viral RNA-tRNA complex. 
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alphavirus nucleocapsid core is a multistep 
assocn. of the nucleocapsid protein with nucleic 
acid and the subsequent oligomerization of capsid proteins into an 
assembled core particle. Although the mechanism of assembly has 
been investigated extensively both in vivo and in vitro, 
no intermediates in the core assembly pathway have been identified. 
Through the use of both truncated and mutant Sindbis virus 
nucleocapsid proteins and a variety of 

crosslinking reagents, a possible nucleic acid-protein assembly 
intermediate has been detected. The cross-linked species, a 
covalent dimer, has been detected only in the presence of nucleic 
acid and with capsid proteins capable of binding nucleic acid. 
Optimum nucleic acid-dependent crosslinking was seen at a 
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protein-to-nucleic-acid ratio identical to that required for max. 
binding of the capsid protein to nucleic acid. Identical results 
were obsd. when crosslinking in vitro assembled core 
particles of both Sindbis and Ross River viruses. Purified 
cross-linked dimers of truncated proteins and of mutant proteins 
that failed to assemble were found to incorporate into assembled 
core particles when present as minor components in assembly 
reactions, suggesting that the crosslinking traps an authentic 
intermediate in nucleocapsid core assembly. Endoproteinase Lys-C 
mapping of the position of the cross-link indicated that lysine 250 
of one capsid protein was cross-linked to lysine 250 of an adjacent 
capsid protein. Examn. of the position of the cross-link in 
relation to the existing model of the nucleocapsid core suggests 
that the cross-linked species is a cross-capsomere contact between a 
pentamer and hexamer at the quasi-threefold axis or is a 
cross-capsomere contact between hexamers at the threefold axis of 
the icosahedral core particle and suggests several possible assembly 
models involving a nucleic acid-bound dimer of capsid protein as an 
early step in the assembly pathway. 
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studies have shown that retroviral nucleocapsid (NC) 
+ fingers (-Cys-X2-Cys-X4-His-X4-Cys- [CCHC] ) perform 
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multiple functions in the virus life cycle. Moloney murine leukemia 
virus mutants His 34 . fwdarw. Cys (CCCC) and Cys 39 . fwdarw. His (CCHH) 
were able to package their genomes normally but were replication 
defective. Thermal dissocn. expts. showed that the CCHH mutant was 
not defective in genomic RNA dimer structure. Primer tRNA 
placement on the viral genome and the ability of the tRNA 
to function in reverse transcription initiation in vitro 
also appear normal. Some "full-length" DNA copies of the viral 
genome were synthesized in mutant virus-infected cells. The CCCC 
and CCHH mutants produced these DNA copies at greatly reduced 
levels. Circle junction fragments, amplified from 
2-long-terminal-repeat viral DNA (vDNA) by PCR, were cloned and 
characterized. VDNA isolated from cells infected with mutant 
virions had a wide variety of abnormalities at the site at which the 
2 ends of the linear precursor had been ligated to form the circle 
(i.e., the junction between the 5' end of U3 and the 3' end of U5) . 
In some mols., bases were missing from regions corresponding to the 
U3 and U5 linear vDNA termini; in others, the viral sequences 
extended either beyond the U5 sequences into the primer-binding site 
and 5' leader or beyond the U3 sequences into the polypurine tract 
into the env coding region. Still other mols. contained nonviral 
sequences between the linear vDNA termini. Such defective genomes 
would certainly be unsuitable substrates for integration. Thus, 
strict conservation of the CCHC structure in NC is required for 
infection events prior to and possibly including integration. 
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The formation of an infectious retrovirus particle requires several 
RNA- RNA interaction events. In particular, the genomic RNA mols. 
form a dimeric structure, and a cellular tRNA mol . is 
annealed to an 18-base complementary region (the primer binding 
site, or PBS) on the genomic RNA, where it will serve as primer for 
reverse transcription. TRNAs normally possess a highly 
stable secondary and tertiary structure; it seems unlikely that 
annealing of a tRNA mol. to the PBS, which involves 
unwinding of this structure, could occur efficiently at physiol. 
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temps, without the assistance of a cof actor. Many prior studies 
have shown that the viral nucleocapsid (NC) 
protein can act as a nucleic acid chaperone (i.e., 

facilitate annealing events between nucleic acids), and the assays 

used to demonstrate this activity include its ability to catalyze 

dimerization of transcripts representing retroviral genomes and the 

annealing of tRNA to the PBS in vitro. However, 

mature NC is not required for these events in vivo, since 

protease-def icient viral mutants, in which NC is not cleaved from 

the parental Gag polyprotein, are known to contain dimeric RNAs with 

tRNA annealed to the PBS. In the present expts., we have 

tested recombinant human immunodeficiency virus type 1 Gag 

polyprotein for nucleic acid chaperone activity. The protein was 

pos. by all of our assays, including the ability to stimulate 

dimerization and to anneal tRNA to the PBS in 

vitro. In quant, expts., its activity was approx. equiv. on 

a molar basis to that of NC. Based on these results, we suggest 

that the Gag polyprotein (presumably by its NC domain) catalyzes the 

annealing of tRNA to the PBS during (or before) retrovirus 

assembly in vivo. 
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During HIV reverse transcription, (+) strand DNA synthesis is primed 
by an RNase H-resistant sequence, the polypurine tract, and 
continues as far as a 18-nt double-stranded RNA region corresponding 
to the 3 ! end of tRNALys, 3 hybridized to the viral primer binding 
site (PBS) . Before ( + ) strand DNA transfer, reverse transcriptase 
(RT) needs to unwind the double-stranded tRNA- PBS RNA in 
order to reverse-transcribe the 3 1 end of primer tRNALys, 3. Since 
the detailed mechanism of ( + ) strand DNA transfer remains 
incompletely understood, we developed an in vitro system 
to closely examine this mechanism, composed of HIV 5 f RNA, natural 
modified tRNALys, 3, synthetic unmodified tRNALys, 3 or 
oligonucleotides (RNA or DNA) complementary to the PBS, as well as 
the viral proteins RT and nucleocapsid 

protein (NCp7). Prior- to (+) strand DNA transfer, RT stalls 
at the double-stranded tRNA- PBS RNA complex and is able to 
reverse-transcribe modified nucleosides of natural tRNALys, 3. 
Modified nucleoside mlA-58 of natural tRNALys, 3 is only partially 
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effective as a stop signal, as RT can transcribe as far as the 
hyper-modified adenosine (ms2t6A-37) in the anticodon loop. M1A-58 
is almost always transcribed into A, whereas other modified 
nucleosides are transcribed correctly, except for m7G-46, which is 
sometimes transcribed into T. In contrast, synthetic tRNALys, 3, an 
RNA PBS primer, and a DNA PBS primer are completely 
reverse-transcribed. In the presence of an acceptor template, (+) 
strand DNA transfer is efficient only with templates contg. natural 
tRNALys , 3 or the RNA PBS primer. Sequence anal, of transfer 
products revealed frequent errors at the transfer site with 
synthetic tRNALys, 3, not obsd. with natural tRNALys, 3. Thus, 
modified nucleoside mlA-58, present in all retroviral tRNA 
primers, appears to be important for both efficacy and fidelity of 
(+) strand DNA transfer. We show that other factors such as the 
nature of the (-) PBS of the acceptor template and the RNase H 
activity of RT also influence the efficacy of (+) strand DNA 
transfer. 

REFERENCE COUNT: 43 THERE ARE 4 3 CITED REFERENCES AVAILABLE 

FOR THIS RECORD. ALL CITATIONS AVAILABLE 
IN THE RE FORMAT 



L7 ANSWER 9 OF 25 HCAPLUS COPYRIGHT 2002 ACS 
ACCESSION NUMBER: 1999:167604 HCAPLUS 

DOCUMENT NUMBER: 131:55342 

TITLE: Binding Properties of the Human Immunodeficiency 

Virus Type 1 Nucleocapsid 
Protein p7 to a Model RNA: Elucidation 
of the Structural Determinants for Function 
Urbaneja, Maria A.; Kane, Bradley P.; Johnson, 
Donald G.; Gorelick, Robert J.; Henderson, Louis 
E.; Casas-Finet, Jose R. 

AIDS Vaccine Program, SAIC Frederick, National 
Cancer Institute-Frederick Cancer Research and 
Development Center, Frederick, MD, 21702-1201, 
USA 

Journal of Molecular Biology (1999), 287(1), 
59-75 

CODEN: JMOBAK; ISSN: 0022-2836 
Academic Press 
Journal 
English 

HIV-1 nucleocapsid protein (NCp7) is a double zinc-fingered protein 
that has been traditionally implicated in viral RNA recognition and 
packaging, in addn. to its tight assocn. with genomic RNA and 
tRNA primer within the virion nucleocapsid. The 

availability of large quantities of viral or recombinant wild-type 
NCp7 and mutant p7 has made possible the assignment of the different 
roles that structural motifs within the protein play during RNA 
binding. At low ionic strength binding to the homopolymeric ■ 
fluorescent RNA, poly ( . epsilon. A) , is electrostatically driven and 
four sodium ions are displaced. Arg7 in the flanking N-terminal 
region, Lys20 and Lys26 in the first zinc finger and one pos. 
charged residue (attributed to Lys41) in the second zinc finger are 
involved in electrostatic contacts with RNA. The p7 zinc fingers do 
not function independently but concomitantly. The first zinc finger 
(both isolated or in the context of the full-length protein) has a 
more prominent electrostatic interaction than the second one. The 
second zinc finger dominates the non-electrostatic stabilization of 
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the binding to RNA due to stacking of its Trp residue with nucleic 
acid bases. Mutations in the highly conserved retroviral 
Zn-coordinating residues (CCHC) to steroid hormone receptor (CCCC) 
or transcription factor (CCHH) metal cluster types do not affect RNA 
binding. In spite of the limited impact in RNA binding affinity in 
vitro or RNA packaging in vivo that such mutations or 
structural alterations impart, they impair or abolish virus 
infectivity. It is likely that such an effect stems from the 
involvement of NCp7 in crucial steps of the virus life cycle other 
than RNA binding. (c) 1999 Academic Press. 
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Retroviruses, including HIV-1 and the distantly related yeast 
retroelement Ty3, all encode a nucleoprotein required for virion 
structure and replication. During an in vitro comparison 
of HIV-1 and Ty3 nucleoprotein function in RNA dimerization and cDNA 
synthesis, we discovered a bipartite primer-binding site (PBS) for 
Ty3 composed of sequences located at opposite ends of the genome. 
Ty3 cDNA synthesis requires the 3' PBS for primer tRNAl Met 
annealing to the genomic RNA, and the 5 1 PBS, in cis or in trans, as 
the reverse transcription start site. Ty3 RNA alone is unable to 
dimerize, but formation of dimeric tRNAiMet bound to the PBS was 
found to direct dimerization of Ty3 RNA-tRNAiMet . Interestingly, 
HIV-1 nucleocapsid protein NCp7 and Ty3 NCp9 were interchangeable 
using HIV-1 and Ty3 RNA template-primer systems. Our findings 
impact on the understanding of non-canonical reverse transcription 
as well as on the use of Ty3 systems to screen for anti-NCp7 drugs. 
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AB HIV type 1 (HIV-1) specifically uses host cell tRNALys-3 as a primer 
for reverse transcription. The 3 f 18 nucleotides of this 
tRNA are complementary to a region on the HIV RNA genome 
known as the primer binding site (PBS) . HIV-1 has a strong 
preference for maintaining a lysine-specif ic PBS in vivo, and viral 
genomes with mutated PBS sequences quickly revert to be 
complementary to tRNALys-3. To investigate the mechanism for the 
obsd. PBS reversion events in vitro, we examd. the 
capability of the nucleocapsid protein (NC) to anneal various 
tRNA primer sequences onto either complementary or 
noncomplementary PBSs . We show that NC can anneal different 
full-length tRNAs onto viral RNA transcripts derived from 
the HIV-1 MAL or HXB2 isolates, provided that the PBS is 
complementary to the tRNA used. In contrast, NC promotes 
specific annealing of only tRNALys-3 onto an RNA template (HXB2) 
whose PBS sequence has been mutated to be complementary to the 3 ! 18 
nt of human tRNAPro. Moreover, HIV-1 reverse transcriptase extends 
this binary complex from the proline-specif ic PBS. The formation of 
the noncomplementary binary complex does not occur when a chimeric 
tRNALys/Pro contg. proline-specif ic D and anticodon domains is used 
as the primer. Thus, elements outside the acceptor-T . psi . C domains 
of tRNALys-3 play an important role in preferential primer use in 
vitro. Our results support the hypothesis that mutant PBS 
reversion is a result of tRNALys-3 annealing onto and extension from 
a PBS that specifies an alternate host cell tRNA. 
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AB The coronavirus mouse hepatitis virus (MHV) is an enveloped pos . 

stranded RNA virus. In infected cells MHV produces a 3 1 coterminal 
nested set of subgenomic mRNAs . Only the genomic RNA, however, is 
encapsidated by the nucleocapsid protein and incorporated in 
infectious MHV virions. It is believed that an RNA packaging signal 
(Ps), present only in the genomic RNA, is responsible for this 
selectivity. Earlier studies mapped this signal to a 69-nt 
stem-loop structure positioned in the 3 1 end of ORFlb. The 
selective encapsidation mechanism probably initiates by specific 
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interaction of the packaging signal with the nucleocapsid protein. 

In this study we demonstrate the in vitro interaction of 

the MHV-A59 nucleocapsid protein with the packaging signal of MHV 

using gel retardation and UV crosslinking assays. This interaction 

was obsd. not only with the nucleocapsid protein from infected cells 

but also with that from purified virions and from cells expressing a 

recombinant nucleocapsid protein. The specificity of the 

interaction was demonstrated by competition expts. with nonlabeled 

Ps contg. RNAs, tRNA, and total cytoplasmic RNA. The 

results indicated that no virus specific modification of the N 

protein or the presence of other viral proteins are required for 

this in vitro interaction. The assays described in this 

report provide us with a powerful tool for studying encapsidation 

(initiation) in more detail. 
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AB Retroviral reverse transcription starts near the 5 1 end of unspliced 
viral RNA at a sequence called the primer binding site (PBS), where 
the tRNA primer anneals to the RNA template for initiation 
of DNA synthesis. We have investigated the roles of NCp7 in 
annealing of primer tRNA3Lys to the PBS and in reverse transcriptase 
(RT) activity, using a cell-free reverse transcription reaction 
mixt. consisting of various 5' viral RNA templates, natural primer 
tRNA3Lys or synthetic primer, human immunodeficiency virus 
type 1 (HIV-1) nucleocapsid protein (NCp7) , and 

HIV-1 RT. In the presence of tRNA3Lys, NCp7 was found to stimulate 
synthesis of minus-strand strong-stop DNA [(-)ssDNA], consistent 
with previous reports. However, specific DNA synthesis was obsd. 
only at a NCp7/RNA ratio similar to that predicted to be present in 
virions. Moreover, at these concns . , NCp7 inhibited the synthesis 
of nonspecific reverse-transcribed DNA products, which are initiated 
because of self-priming by RNa templates. In contrasts to results 
obtained with tRNA3Lys as primer, NCp7 inhibited the synthesis of 
(-)ssDNA products primed by an 18-nucleotide (nt) ribonucleotide 
(rPR), complementary to the PBS, even through rPR can initiate 
synthesis of such material in the absence of preannealing with NCp7 . 
Primer placement band shift assays showed that NCp7 was necessary 
for efficient formation of the tRNA- RNA complex. In 
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contrast, NCp7 was found to prevent formation of the rPR-RNA 
complex. Since NCp7 appears to exert opposite effects (annealing 
vs. dissocn.) on tRNA3Lys and rPR substrates, the non-PBS binding 
regions of the tRNA3Lys mol . may play a role in the annealing of 
tRNA to the template. We also investigated the roles of an 
A-rich loop upstream of the PBS, a 7-nt region immediately 
downstream of the PBS, and a 54-nt region that may prevent formation 
of the US-leader stem prevented tRNA3Lys placement and priming, 
while deletions in the A-rich loop or the 7-nt sequence had 
relatively minor effects in this regard. 
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Kunjin virus (KUN) C is a typical flavivirus core protein which is 
truncated in vivo to a mature form of 105 residues enriched in 
lysine and arginine. In order to study the possible assocn. of KUN 
C with RNA in vitro, several recombinant C proteins with 
specific deletions were prepd., each fused at the N-terminus to 
glutathione-S-transferase (GST) and expressed in Escherichia coli. 
They were reacted with KUN RNA probes transcribed in vitro 
from cDNA representing the 5 ! untranslated region (5' UTR, 93 of 96 
nucleotides), the 3' UTR (624 nucleotides), and the 5' UTR plus most 
of the C coding region (5 1 core, 440 nucleotides). Fusion protein 
C107 (incorporating mature C) bound strongly to all KUN RNA probes 
with apparent specificity, being completely resistant to inhibition 
by 800 mM NaCl, and to competition by a large excess of tRNA 

In reactions with labeled KUN RNA probes putative binding sites 
were identified in the isolated N-terminal (32 residues) and 
C-terminal (26 residues) basic amino acid domains; this binding was 
strongly competed by unlabeled KUN UTR probes but weakly or not at 
all by tRNA. These small domains probably acted 

cooperatively in binding of mature C to KUN RNA probes. The KUN 
RNA-core protein binding reactions are similar to those reported 
with other viral coat or capsid proteins 
and viral RNAs . 



L7 



ANSWER 15 OF 25 HCAPLUS COPYRIGHT 2002 ACS 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR (S) 



CORPORATE SOURCE: 



1995:331981 HCAPLUS 
122: 99989 

f- Binding of the HIV^l nucleocapsid protein to the 

t primer tRNA3Lys, in vitro, is 
essentially not specific 
/Mely, Yves; de Rocquigny, Hugues; 
Sorinas- Jimeno,- Monica; Keith, Gerard; Roques, 
Bernard P.; Marquet, Roland; Gerard, Dominique 
Fac. Pharmacie, Univ. Louis Pasteur Strasbourg 
I, Illkirch, F-67401, Fr. 



Searcher : Shears 308-4994 



09/713687 



SOURCE: journal of Biological Chemistry (1995), 270(4), 

1650-6 

CODEN: JBCHA3 ; ISSN: 0021-9258 
PUBLISHER: American Society for Biochemistry and Molecular 

Biology 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

AB The nucleocapsid protein NCp7 of human 

immunodeficiency virus, type 1, is a key component in the 
viral life cycle. Since, the first common step of all reported NCp7 
activities corresponds to a nucleic acid-binding step, the NCp7 
binding parameters to the natural primer tRNA3Lys were investigated. 
Using NCp7 intrinsic fluorescence, the authors found that (i) in 0 . 1 
M NaCl, NCp7 bound noncooperatively to tRNA3Lys with a Kobs = 
3 . 2 . times . 106 M-l assocn. constant and a binding site size, (ii) 
four ionic interactions were formed in the NCp7 . tRNA3Lys complex, 
and (iii) nonelectrostatic factors provided about 60% of the binding 
energy. These binding parameters were not significantly altered 
when the natural tRNA3Lys was replaced by either an in vitro 
synthetic tRNA3Lys transcript, the heterologous yeast tRNAPhe or the 
structurally unrelated 5 S RNA from Escherichia coli. Moreover, the 
environment of the intrinsic fluorescent reporters (Trp37 and Trp61) 
was similar in the various complexes. Finally, expts. performed at 
low protein concn. provide no evidence of high affinity binding 
sites. Taken together, the data strongly suggested an essentially 
nonspecific binding of NCp7 to tRNA3Lys and thus did not seem to 
support a direct role of NCp7, per se, in the selection of tRNA3Lys 
from the pool of cellular tRNAs . 
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AB Retroviral nucleocapsid (NC) proteins are highly basic, with one or 
two zinc fingers, and are required for virion formation, genomic RNA 
dimerization and packaging, and replication primer tRNA 
annealing to the viral RNA. The authors report here the first 
characterization of monoclonal antibodies directed against a 
retroviral nucleocapsid protein and their use to study the 
structure-function relationships of the nucleocapsid protein NCp7 of 
HIV-1. Four anti-NCp7 monoclonal antibodies (MAbs) have been 
generated by using NCp7 of HIV-1. The epitope targets of these MAbs 
were mapped using ELISA and BIAcore techniques. Whereas three of 
them are specific for epitopes located in the N and C termini of 
NCp7, the fourth one appears to be conformation specific. Only two 
of these MAbs, the conformation-specific one and the MAb recognizing 
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an N-terminal epitope are able to inhibit the RNA-binding and 
annealing activities of NCp7 as well as strong-stop DNA synthesis in 
vitro. The binding of the two other MAbs onto NCp7 either 
has no effect or enhances the NCp7-RNA interactions. These MAbs 
also display a differential recognition of the Gag polyprotein 
precursor, which makes them useful tools for studying NC protein 
maturation in the course of virion morphogenesis. 
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The nucleocapsid protein NCp7 of HIV-1 is a single-stranded nucleic 
acid binding protein with several functions such as specific 
recognition, dimerization and packaging of viral RNA, tRNA 
annealing to viral RNA and protection against nucleases. Since some 
of these functions involve annealing and double-stranded RNA-melting 
activity we applied the nucleocapsid protein to a hammerhead 
ribozyme specific for the activated Ki-ras mRNA in vitro, 
which carries at its mutated codon 12 a GUU site. A synthetic 
ribozyme contg. 2 ' -O-allyl-modif ied nucleotides and alternatively in 
vitro transcribed ribozymes were used. At a one to one 
molar ratio of substrate to ribozyme almost no cleavage is obsd. at 
37. degree.. Presence of a synthetic nucleocapsid protein 
significantly increases the catalytic activity of the ribozyme. 
Kinetic analyses by means of single and multiple turnover reactions 
performed at various substrate to ribozyme ratios lead to only a 
slight stimulation of the rate consts. for single turnover 
reactions. The rate consts. in multiple turnover reactions, 
however, are stimulated up to 17-fold by the presence of the 
nucleocapsid protein. The activating region of the nucleocapsid 
protein was characterized by a no. of mutants. The mutants 
demonstrate that activation requires both basic amino acid clusters 
as evidenced by point mutations. Deletion mutants indicate that the 
second zinc finger is totally dispensable and that replacement of 
the first zinc finger by a glycine-glycine spacer only slightly 
reduces the enhancing effect of the nucleocapsid protein on the 
ribozyme. 
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AB The nucleocapsid (NC) protein NCp7 of human immunodeficiency virus 
type 1 (HIV-1) is important for encapsidation of the virus genome, 
RNA dimerization, and primer tRNA annealing in 
vitro. Here evidence from gel mobility-shift expts. is 
presented indicating that NCp7 binds specifically to an RNA 
sequence. Two complexes were identified in native gels. The . more 
slowly migrating complex contained two RNA mols. and one peptide, 
while the more' rapidly migrating one is composed of one RNA and one 
peptide. Further, mutational anal, of the RNA shows that the 
predicted stem and loop structure of stem-loop 1 plays a crit . role. 
These results show that NCp7 binds to a unique RNA structure within 
the .psi. region; in addn., this structure is necessary for RNA 
dimerization. It is proposed that NCp7 binds to the RNA via a 
direct interaction of one zinc-binding motif to stem-loop 1 followed 
by binding of the other zinc-binding motif to stem-loop 1, stem-loop 
2, or the linker region of the second RNA mol . , forming a bridge 
between the two RNAs . 
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AB Genes encoding the nucleocapsid (N) proteins of two hantaviruses, 

Hantaan virus strain 76-118 (HTN) and Puumala virus strain CG 18-20 
(PUU), were expressed in Escherichia coli as histidine-tagged 
proteins. They were purified by metal-chelate affinity chromatog. 
under native or denaturing conditions to near homogeneity. The sol. 
form of HTN N protein was assocd. with RNA of E. coli. Renatured N 
proteins were shown to bind in vitro transcribed RNA 
representing the hantaviral small genomic (S) RNA segment. RNA 
binding was shown by affinity to filter-immobilized N proteins and 
by gel mobility shift assays. Competition expts. using tRNA 
, poly(U) and poly (A) + U indicated that binding of RNA by the N 
protein is nonspecific. However, direct binding of dsRNA resulted 
in efficient formation of large complexes suggesting that 
double-stranded nucleic acids are bound preferentially. 
Carboxyterminal fragments of HTN and PUU N proteins contg. about 100 
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amino acids of the carboxy termini retained full binding capacity 
indicating that RNA binding occurs via a carboxyterminal domain. 
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Viral RNA annealing activities of the 
nucleocapsid protein of 

Moloney murine leukemia virus are zinc 
independent 
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The zinc fingers of retroviral gag nucleocapsid proteins (NC) are 
required for the specific packaging of the dimeric RNA genome into 
virions. In vitro, NC proteins activate both dimerization 
of viral RNA and annealing of the replication primer tRNA 
onto viral RNA, two reactions necessary for the prodn. of infectious 
virions. In this study the role of the zinc finger of Moloney 
murine leukemia virus (MoMuLV) NCplO in RNA binding and annealing 
activities was investigated through modification or replacement of 
residues involved in zinc coordination. These alterations did not 
affect the ability of NCplO to bind RNA and promote RNA annealing in 
vitro, despite a complete loss of zinc affinity. However 
mutation of two conserved lysine residues adjacent to the finger 
motif reduced both RNA binding and annealing activities of NCplO. 
These findings suggest that the complexed NC zinc finger is not 
directly involved in RNA-protein interactions but more probably in a 
zinc dependent conformation of NC protein modulating viral 
protein-protein interactions, essential to the process of viral RNA 
selection and virion assembly. Then the NC zinc finger may 
cooperate to select the viral RNA genome to be packaged into 
virions . 
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WO 8808453 Al 19881103 WO 1988-SU78 19880414 
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SU 1441787 Al 19900923 SU 1987-4239148 19870429 
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AB A cell-free system contg. ATP, GTP, and amino acids is described for 
the in vitro translation of mRNA to obtain, in high yield, 
proteins contg. 15-70 amino acids. The system contains ATP, GTP, 20 
free amino acids, the mRNA to be translated, and ribosomes (e.g. 
from Escherichia coli or wheat embryo ext.). The mRNA for the 
capsid protein of phage MS2 was translated in a cell-free system 
contg. E. coli ribosomes in the presence of ATP, GTP, MS 2 
tRNA, and 20 amino acids. After 20 min incubation at 
37. degree, the E. coli ribosomes synthesized 6000 pmol capsid 
protein (100 pmol cellular product/pmol capsid mRNA); Addn. of 
salmon calcitonin mRNA to the translation system resulted in 
formation of 18,000 pmol calcitonin (300 pmol cellular prooduct /pmol 
calcitonin mRNA). Optionally, wheat germ ext. was used in place of 
E. coli ribosomes to translate brome mosaic virus (BMV) 
capsid protein mRNA. After 20 h incubation 10,000 
pmol BMV capsid protein was recovered (100 pmol cell product/pmol 
BMV mRNA) . When salmon calcitonin mRNA was added to this system 
15,000 pmol calcitonin was recovered (150 pmol cell product/pmol 
calcitonin mRNA) . 
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AB A stable mRNA-dependent cell-free translation system from 

Saccharomyces cerevisiae, prepd. by a modification of the method of 
R. Hofbauer et al. (1982) was active in translation of exogenous 
homologous and heterologous mRNAs . Optimal translational activity 
required the addn. of polyamines and yeast tRNA. The m 
transcript of the M segment of double-stranded RNA, synthesized in 
vitro using the killer virus-assocd. RNA polymerase, 

directed the synthesis of preprotoxin polypeptide (M-p32), which was 
immunol. identified using antitoxin antibody. Sindbis virus 
capsid protein and rabbit globin were also 
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translated from their mRNAs. Translation was inhibited by 
puromycin, sparsomycin, and anisomycin. Analogs of the 5' -terminal 
caps present on most eukaryotic mRNA mols. inhibited translation of 
added mRNAs, including capped mRNAs and the uncapped killer virus 
mRNA. 
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The 3 major capsid proteins of . adeno-assocd. 
virus type 2 (AAV2) virions are designated A, B, and C and 
have mol. sizes of 90, 72, and 60 kDa, resp. These proteins are 
related, and genetic studies have shown that they are encoded by a 
long open reading frame located in the right half of the genome. 
The coding capacity distal to the 1st ATG in this reading frame is 
only 503 amino acids (i.e., a protein about the size of protein C) , 
but an open frame sequence devoid of ATG codons extends upstream for 
an addnl. 184 codons. Although the N terminus of the C capsid 
protein is blocked, partial amino acid sequence analyses of peptides 
from C have confirmed that it is encoded within the portion of the 
reading frame distal to the 1st ATG at nucleotide (nt) location 
2810. The N terminus of the B capsid protein is not blocked, . and 
its sequence begins with alanine. The triplet encoding this alanine 
lies 64 codons upstream from the initiation site for protein C and 
is immediately preceded by the threonine codon, ACG, at nucleotide 
2615. This ACG codon lies in the most favorable sequence context 
for protein synthesis initiation. All 3 AAV2 capsid proteins are 
labeled in vitro with f ormyl [ 35S] methionyl-tRNAf , 
indicating that synthesis of each protein is initiated 
independently. Apparently, the nucleotide 2615 ACG codon directs 
the methionyl-tRNA-dependent initiation of the AAV2B 
capsid protein. Proteins B and C may be synthesized from the same 
mRNA species, and their relative abundance could be detd. by the 
efficiencies of their resp. initiation codons. 
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AB Polyoma virus mRNA, from the cytoplasm of 3T6 cells late after 
infection and purified by hybridization to Hpal I fragment 3 of 
polyoma virus DNA, was sepd. on 50% f ormamide-contg. sucrose d. 
gradients, and the fractionated RNA was recovered and translated in 
vitro. Anal, of the cell-free products showed the minor 
virion protein VP3 was synthesized from, an mRNA sedimenting at 
.apprx.l8S between the 19S VP2 mRNA and the 16S VP1 mRNA. The VP2 
and VP3 could be labeled with f ormylmethionine from initiator 
tRNA. Apparently there are 3 late polyoma virus mRNAs, each 
directing the synthesis of only 1 viral capsid 
protein . 
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AB The proteins synthesized in vitro in response to 42S and 
26S RNAs from Semliki Forest virus were labeled with 
f ormylmethionine-35S from initiator tRNA. One 
protein which comigrated with viral capsid 

protein was labeled under the direction of 26S RNA, and only 
1 labeled peptide was detected after digestion with trypsin. 
Further digestion with Pronase gave rise to the dipeptide 
f ormylmethionine-asparagine . Several labeled polypeptides were 
found in the 42S RNA directed product and these had mol . wts. of up 
to 150,000. However, tryptic digestion of the product yielded only 
1 f ormylmethionyl-labeled peptide, which had a different mobility 
from that directed by the 2 6S RNA. Further digestion with Pronase 
gave a single dipeptide, f ormylmethionine-alanine . This indicates 
that nonstructural proteins as large as 150,000 daltons are probably 
synthesized from 1 initiation site on the 42S RNA. Translation 
starting from the internal initiation site on the 42S RNA, which is 
equiv. to that on the 26S RNA, could not be detected under the 
conditions used. Internal initiation sites which are similarly 
inactive have also been detected in other viral RNAs (e.g., brome 
mosaic virus, tobacco mosaic virus, and polyoma 19S RNA) and this 
suggests that, although eukaryotic mRNAs can contain more than 1 
initiation site for protein synthesis, only the site nearer the 5 1 
terminus is active in vitro. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Human immunodeficiency virus type-1 Tat has been proposed to play 

a role in the regulation of reverse transcription. We previously 
demonstrated that wild-type Tat can augment viral infectivity by 
suppressing the reverse transcriptase (RT) reaction at late stages 
of the viral life cycle in order to prevent the premature synthesis 
of potentially deleterious viral DNA products. Here we have 
performed a detailed analysis of the cell-free reverse transcription 
reaction to elucidate the mechanism (s) whereby Tat can affect this 
process. Our results show that Tat can suppress nonspecific DNA 
elongation while moderately affecting the specific initiation stage 
of reverse transcription. In addition, Tat has an RNA-annealing 
activity and can promote the placement of tRNA onto viral 
RNA. This points to a functional homology between Tat and the 
viral nucleocapsid (NC) protein that is 

known to be directly involved in this process. Experiments using a 
series of mutant Tat proteins revealed that the cysteine-rich and 
core domains of Tat are responsible for suppression of DNA 
elongation, while each of the cysteine-rich, core, and basic 
domains, as well as a glutamine-rich region in the C-terminal 
domain, are important for the placement of tRNA onto the 
viral RNA genome. These results suggest that Tat can play at least 
two different roles in the RT reaction, i.e., suppression of DNA 
polymerization and placement of tRNA onto viral RNA. We 
believe that the first of these activities of Tat may contribute to 
the overall efficiency of reverse transcription of the viral genome 
during a new round of infection as well as to enhanced production of 
infectious viral particles. We hypothesize that the second activity, 
illustrating functional homology between Tat and NC, suggests a 
potential role for NC in the displacement of Tat during viral 
maturation. 
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protein of feline immunodeficiency 
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All lentiviruses and oncoretroviruses examined so far encode a major 
nucleic-acid binding protein (nucleocapsid or NC* protein), 
approximately 2500 molecules of which coat the dimeric RNA genome. 
Studies on HIV-1 and MoMuLV using in vitro model systems 
and in vivo have shown that NC protein is required to chaperone 
viral RNA dimerization and packaging during virus assembly, and 
proviral DNA synthesis by reverse transcriptase (RT) during 
infection. The human cellular prion protein (PrP), thought to be the 
major component of the agent causing transmissible spongiform 
encephalopathies (TSE) , was recently found to possess a strong 
affinity for nucleic acids and to exhibit chaperone properties very 
similar to HIV-1 NC protein in the HIV-1 context in vitro. 
Tight binding of PrP to nucleic acids is proposed to participate 
directly in the prion disease process. To extend our understanding 
of lentiviruses and of the unexpected nucleic acid chaperone 
properties of the human prion protein, we set up an in vitro 
system to investigate replication of the feline immunodeficiency 
virus (FIV), which is functionally and phylogenetically distant from 
HIV-1. The results show that in the FIV model system, NC protein 
chaperones viral RNA dimerization, primer tRNA ( Ly s , 3 ) 
annealing to the genomic primer-binding site (PBS) and minus strand 
DNA synthesis by the homologous FIV RT . FIV NC protein is able to 
trigger specific viral DNA synthesis by inhibiting self-priming of 
reverse transcription. The human prion protein was found to mimic 
the properties of FIV NC with respect to primer tRNA 
annealing to the viral RNA and chaperoning minus strand DNA 
synthesis . 

Copyright 2002 Elsevier Science Ltd. 
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The human immunodeficiency virus type 1 (HIV-1) RNA genome encodes a 
semistable stem-loop structure, the U5-PBS hairpin, which occludes 
part of the tRNA primer binding site (PBS) . In previous 
studies, we demonstrated that mutations that alter the stability of 
the U5-PBS hairpin inhibit virus replication. A reverse 
transcription defect was measured in assays with the 
virion-extracted RNA-tRNA complexes . We now extend these 
studies with in vitro synthesized wild-type and mutant RNA 
templates that were tested in primer annealing and reverse 
transcription assays. The effect of annealing temperature and the 
presence of the viral nucleocapsid 

protein on reverse transcription was analyzed for the 
templates with a stabilized or destabilized U5-PBS hairpin, 
reactions initiated by tRNA or DNA primers. The results of 
this in vitro assay are consistent with the in vivo 
findings, in that both tRNA annealing and initiation of 
reverse transcription are sensitive to stable template RNA 
structure. Reverse transcription initiated by a DNA primer 
hindered by secondary structure in the RNA template than 
tRNA primed reactions. The inhibitory effect of template 
structure on tRNA-primed reverse transcription is more 
pronounced in this in vitro assay compared with the in 
vivo material, indicating that the heat-annealed RNA-tRNA 
complex differs from the virion-extracted viral RNA-tRNA 
complex . 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB The nucleocapsid protein (NC) of human 

immunodeficiency virus type 1 (HIV-1) has two zinc 
fingers, each containing the invariant metal ion binding residues 
CCHC, Recent reports indicate that mutations In the CCHC motifs are 
deleterious for reverse transcription in vivo. To identify reverse 
transcriptase (RT) reactions affected by such changes, ere have 
probed zinc finger functions in NC-dependent RT-catalyzed HIV-1 
minus- and plus-strand transfer model systems. Our approach was to 
examine the activities of wild-type NC and a mutant in which all six 
cysteine residues were replaced by serine (SSHS NC) ; this mutation 
severely disrupts zinc coordination. We find that the zinc fingers 
contribute to the role of NC in complete tRNA primer 

removal from minus-strand DNA during plus-strand transfer, Annealing 
of the primer binding site sequences in plus-strand strong-stop DNA 
[ ( + ) SSDNA] to its complement in minus-strand acceptor DNA is not 
dependent on SC zinc fingers. In contrast, the rate of annealing of 
the complementary R regions in (-) SSDNA, and 3' viral RNA during 
minus-strand transfer is approximately eightfold lower when SSHS NC 
is used in place of wild-type NC. Moreover, unlike wild-type NC, 
SSHS SC has only a small stimulatory effect on minus-strand transfer 
and is essentially unable to block TAR-induced self -priming from (-) 
SSDNA. Our results strongly suggest that NC zinc finger structures 
are needed to unfold highly structured RNA and DNA strand transfer 
intermediates. Thus, it appears that in these cases, zinc finger 
interactions are important components of NC nucleic acid chaperone 
activity. 
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AB Understanding how viral components collaborate to convert the 

human immunodeficiency virus type 1 genome from single-stranded RNA 
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into double-stranded DNA is critical to the understanding of viral 
replication. Not only must the correct reactions be carried out, but 
unwanted side reactions must be avoided. After minus-strand strong 
stop DNA (-sssDNA) synthesis, degradation of the RNA template by the 
RNase II domain of reverse transcriptase (RT) produces 
single-stranded DNA that has the potential to self-prime at the 
imperfectly base paired TAR hairpin, making continued DNA synthesis 
impossible. Although nucleocapsid protein (NC) interferes with 
-sssDNA self-priming in reverse transcription reactions in 
vitro, NC alone did not prevent self-priming of a synthetic 
-sssDNA oligomer. NC did not influence DNA bending and therefore 
cannot inhibit self-priming at hairpins by directly blocking hairpin 
formation. Using DNA oligomers as a model for genomic RNA fragments, 
we found that a 17-base DNA fragment annealed to the 3' end of the 
-sssDNA prevented self priming in the presence of NC. This implies 
that to avoid self-priming, an RNA- DNA hybrid that is more 
thermodynamically stable than the hairpin must remain within the 
hairpin region. This suggests that NC prevents self -priming by 
generating or stabilizing a thermodynamically favored RNA-DNA 
heteroduplex instead of the kinetically favored TAR hairpin. In 
support of this idea, sequence changes that increased base pairing 
in the DNA TAR hairpin resulted in an increase in self-priming in 
vitro. We present a model describing the role of 

NC-dependent inhibition of self-priming in first-strand transfer. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB An early step in the life cycle of human immunodeficiency virus 

type 1 is the reverse transcription of the viral RNA genome into 
double-stranded DNA, which is subsequently translocated to the cell 
nucleus. It is then integrated into host DNA and serves as a 
template for viral gene expression. Reverse transcription is 
catalyzed by the viral enzyme reverse transcriptase and is a complex 
process comprising a series of RNA-dependent DNA polymerization, 
DNA-dependent DNA polymerization, and RNase H reactions. Strand 
transfer reactions are required to complete the process. Re-verse 
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transcription is initiated when a molecule of host cell tRNA 
(lys3) . which serves as a primer, is bound to the primer binding 
site of viral genomic RNA. The viral 
nucleocapsid protein is involved in each of the 
initiation of reverse transcription and in subsequent strand 
transfer or template-switching events. We review the interactions 
among reverse transcriptase, viral genomic RNA, the tRNA 
primer of reverse transcription, and viral 
nucleocapsid protein in the various steps of 

reverse transcription, including primer placement, initiation, and 
processive synthesis. 
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AB The human immunodeficiency virus (HIV-1) 

nucleocapsid protein NCp7 containing two 

CX2CX4HX4C-type zinc fingers was proposed to be involved in reverse 
transcriptase (RT) -catalyzed proviral DNA synthesis through 
promotion of tRNA (3) (LYS) annealing to the RNA primer 
binding site, improvement of DNA strand transfers, and enhancement 
of RT processivity . The NCp7 structural characteristics are crucial 
because mutations altering the finger domain conformation led to 
noninfectious viruses characterized by defects in provirus 
integration. These findings prompted us to study a putative RT/NCp7 
protein-protein interaction. Binding as says using far Western 
. analysis or RT immobilized on beads clearly showed the formation of 
a complex between NCp7 and RT. The affinity of NCp7 for p66/p51RT 
was 0.60 mu M with a 1:1 stoichiometry . This interaction was 
confirmed by chemical cross-linking and co-immunoprecipitation of 
the two proteins in a viral environment. Competition experiments 
using different NCp7 mutants showed that alteration of the finger 
structure disrupted RT recognition giving insights into the loss of 
infectivity of corresponding HIV-1 mutants. Together with structural 
data on RT, these results suggest that the role of NCp7 could be to 
enhance RT processivity through stabilization of a p51-induced 
active form of the p66 subunit and open the way for designing new 
antiviral agents. 
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Papillomavirus capsid protein expression level 
depends on the match between codon usage and 
tRNA availability. 
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Translation of mRNA encoding the LI and L2 capsid proteins of 
papillomavirus (PV) is restricted in vivo to differentiated 
epithelial cells, although transcription of the LI and L2 late genes 
occurs more widely. The codon composition of PV late genes is quite 
different from that of most mammalian genes. To test the possibility 
that PV late gene codon composition determines the efficiency of PV 
late gene expression in some cell types, synthetic bovine 
papillomavirus type 1 (BPV1) late genes were constructed with codon 
composition modified to resemble the typical mammalian gene. 
Expression of these genes from a strong promoter in Cos-1 cells was 
compared with expression of wild-type BPV1 late genes from the same 
promoter. Both unmodified and modified PV late genes were 
transcribed in Cos-1 cells, but only the codon-modif ied genes were 
translated. In vitro translation of wild-type but not 
synthetic BPV1 LI mRNA was markedly enhanced by addition of 
aminoacyl-tRNAs . Codon composition thus limits BPV1 late 
gene translation in Cos-1 cells, and this limitation can be overcome 
by modification of the codon composition of the genes or by 
provision of excess tRNA. Replacement of codons in the 
green fluorescent protein (gfp) gene with those frequently used in 
PV late genes did not alter gfp transcription in Cos-1 cells but 
almost abolished translation, supporting the hypothesis that the 
observed differences in efficiency of translation of modified and 
unmodified PV capsid genes were related to codon usage rather than 
mRNA structure. As tRNA populations vary within and 
between tissues in the same eukaryotic organism, we speculate that 
matching of tRNA . availability to codon usage may be one 
determinant of the restriction of expression of PV late genes to 
differentiated epithelium. 
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During HIV reverse transcription, (+) strand DNA synthesis is primed 
by an RNase H-resistant sequence, the polypurine tract, and 
continues as far as a 18-nt double-stranded RNA region corresponding 
to the 3 1 end of tRNALys, 3 hybridized to the viral primer binding 
site (PBS) . Before (+) strand DNA transfer, reverse transcriptase 
(RT) needs to unwind the double-stranded tRNA-PBS RNA in 
order to reverse-transcribe the 3 1 end of primer tRNALys, 3. Since 
the detailed mechanism of ( + ) strand DNA transfer remains 
incompletely understood, we developed an in vitro system 
to closely examine this mechanism, composed of HIV 5 ! RNA, natural 
modified tRNALys, 3, synthetic unmodified tRNALys, 3 or 
oligonucleotides (RNA or DNA) complementary to the PBS, as well as 
the viral proteins RT and nucleocapsid 

protein (NCp7) . Prior to (+) strand DNA transfer, RT stalls 
at the double-stranded tRNA-PBS RNA complex and is able to 
reverse-transcribe modified nucleosides of natural tRNALys, 3. 
Modified nucleoside mlA-58 of natural tRNALys, 3 is only partially 
effective as a stop signal, as RT can transcribe as f ar . as the 
hyper-modified adenosine (ms2t6A-37) in the anticodon loop. mlA-58 
is almost always transcribed into A, whereas other modified 
nucleosides are transcribed correctly, except for m7G-4 6, which is 
sometimes transcribed into T. In contrast, synthetic tRNALys, 3, an 
RNA PBS primer, and a DNA PBS primer are completely 
reverse-transcribed. In the presence of an acceptor template, ( + ) 
strand DNA transfer is efficient only with templates containing 
natural tRNALys, 3 or the RNA PBS primer.. Sequence analysis of 
transfer products revealed frequent errors at the transfer site with 
synthetic tRNALys, 3, not observed with natural tRNALys, 3. Thus, 
modified nucleoside mlA-58, present in all retroviral tRNA 
primers, appears to be important for both efficacy and fidelity of 
(+) strand DNA transfer. We show that other factors such as the 
nature of the (-) PBS of the acceptor template and the RNase H 
activity of RT also influence the efficacy of (+) strand DNA 
transfer. 
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The formation of an infectious retrovirus particle requires several 
RNA-RNA interaction events. In particular, the genomic RNA molecules 
form a dimeric structure, and a cellular tRNA molecule is 
annealed to an 18-base complementary region (the primer binding 
site, or PBS) on the genomic RNA, where it will serve as primer for 
reverse transcription. tRNAs normally possess a highly 
stable secondary and tertiary structure; it seems unlikely that 
annealing of a tRNA molecule to the PBS, which involves 
unwinding of this structure, could occur efficiently at 
physiological temperatures without the assistance of a cof actor. 
Many prior studies have shown that the viral 
nucleocapsid (NC) protein can act as a nucleic 

acid chaperone (i.e., facilitate annealing events between nucleic 
acids) , and the assays used to demonstrate this activity include its 
ability to catalyze dimerization of transcripts representing 
retroviral genomes and the annealing of tRNA to the PBS in 
vitro. However, mature NC is not required for these events 
in vivo, since protease-def icient viral mutants, in which NC is not 
cleaved from the parental Gag polyprotein, are known to contain 
dimeric RNAs with tRNA annealed to the PBS. In the present 
experiments, we have tested recombinant human immunodeficiency virus 
type 1 Gag polyprotein for nucleic acid chaperone activity. The 
protein was positive by all of our assays, including the ability to 
stimulate dimerization and to anneal tRNA to the PBS in 
vitro. In quantitative experiments, its activity was 
approximately equivalent on a molar basis to that of NC. Based on 
these results, we suggest that the Gag polyprotein (presumably by 
its NC domain) catalyzes the annealing of tRNA to the PBS 
during (or before) retrovirus assembly in vivo. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Depending on the HIV-1 isolate, MN or BH10, the nucleocapsid 
protein, NCp7, corresponds to a 55- or 71-amino acid length product, 
respectively. The MN NCp7 contains a single Trp residue at position 
37 in the distal zinc finger motif, and the BH10 NCp7 contains an 
additional Trp, at position 61 in the C-terminal chain. The 
time-resolved intensity decay parameters of the zinc-saturated BH10 
NCp7 were determined and compared to those of single-Trp-containing 
derivatives. The fluorescence decay of BH10 NCp7 could be clearly 
represented as a linear combination (with respect to both lifetimes 
and fractional intensities) of the individual emitting Trp residues. 
This suggested the absence of interactions between the two Trp 
residues, a feature that was confirmed by molecular modeling and 
fluorescence energy transfer studies. In the presence of 
tRNA(Phe), taken as a RNA model, the same conclusions hold 
true despite the large fluorescence decrease induced by the binding 
of tRNA(Phe) . Indeed, the fluorescence of Trp (37) appears 
almost fully quenched, in keeping with a stacking of this residue 
with the bases of tRNA(Phe) . Despite the multiple binding 
sites in tRNA(Phe) , the large prevalence of ultrashort 
lifetimes, associated with the stacking of Trp(37), suggests that 
this stacking constitutes a major feature in the binding process of 
NCp7 to nucleic acids. In contrast, Trp (61) only stacked to a small 
extent with tRNAPhe. Th, behavior of this residue in the 
tRNA(Phe) -NCp7 complexes appeared to be rather 
heterogeneous, suggesting that it does not constitute a major 
determinant in the binding process. Finally, our data suggested that 
the binding of NCp7 proteins from the two HIV-1 strains to 
nonspecific nucleic acid sequences was largely similar. 
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Translation initiation at the CUU codon is mediated 
by the internal ribosome entry site of an insect 
picorna-like virus in vitro. 
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AUG-unrelated translation initiation was found in an insect 
picorna-like virus, Plautia stali intestine virus (PSIV) . The 
positive-strand RNA genome of the virus contains two nonoverlapping 
open reading frames (ORFs) . The capsid protein gene is located in 
the 3 1 -proximal ORF and lacks an AUG initiation codon. We examined 
the translation mechanism and the initiation codon of the capsid 



AUTHOR ( S ) : 
CORPORATE SOURCE 

SOURCE: 



DOCUMENT TYPE 
LANGUAGE : 
AB 



Searcher 



Shears 308-4994 



09/713687 



protein gene by using various dicistronic and monocistronic RNAs in 
vitro. The capsid protein gene was translated cap 

independently in the presence of the upstream cistron, indicating 
that the gene is translated by internal ribosome entry. Deletion 
analysis showed that the internal ribosome entry site (IRES) 
consisted of approximately 250 bases and that its 3 f boundary 
extended slightly into the capsid-coding region. The initiation 
codon for the IRES-mediated translation was identified as the CUU 
codon, which is located just upstream of the 5' terminus of the 
capsid-coding region by site-directed mutagenesis. In vitro 
translation assays of monocistronic RNAs lacking the 5 1 part of the 
IRES showed that this CUU codon was not recognized by scanning 
ribosomes. This suggests that the PSIV IRES can effectively direct 
translation initiation without stable codon-anticodon pairing 
between the initiation codon and the initiator methionyl- 
tRNA. 
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HIV-1 nucleocapsid protein (NCp7) is a double zinc-fingered protein 
that has been traditionally implicated in viral RNA recognition and 
packaging, in addition to its tight association with genomic RNA and 
tRNA primer within the virion nucleocapsid. The availability , 
of large quantities of viral or recombinant wild-type NCp7 and 
mutant p7 has made possible the assignment of the different roles 
that structural motifs within the protein play during RNA binding. 
At low ionic strength binding to the homopolymeric f luoresco™- 4 -- -~ ~ 
poly (epsilonA) , is electrostatically driven and four sodi 
displaced. Arg7 in the flanking N-terminal region, Lys20 ■ 
in the first zinc finger and one positively charged resid 
(attributed to Lys41) in the second zinc finger are invol- 
electrostatic contacts with RNA. The p7 zinc fingers do nc 
independently but concomitantly. The first zinc finger (be 
isolated or in the context of the full-length protein) has 
prominent electrostatic interaction than the second one. T 
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zinc finger dominates the non-electrostatic stabilization of the 
binding to RNA due to stacking of its Trp residue with nucleic acid 
bases. Mutations in the highly conserved retroviral Zn-coordinating 
residues (CCHC) to steroid hormone receptor (CCCC) or transcription 
factor (CCHH) metal cluster types do not affect RNA binding. In 
spite of the limited impact in RNA binding affinity in vitro 
or RNA packaging in vivo that such mutations or structural 
alterations impart, they impair or abolish virus infectivity. It is 
likely that such an effect stems from the involvement of NCp7 ■ in 
crucial steps of the virus life cycle other than RNA binding. 
Copyright 1999 Academic Press. 
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AB To study the initiation of human immunodeficiency virus type 1 
reverse transcription, we have used the viral 
nucleocapsid protein (NC7) to anneal tRNA3Lys 

primer onto viral genomic RNA and have then eliminated NC7 from this 
primer-template complex by digestion with proteinase K and 
phenol-chloroform extraction of residual protein. Our data show that 
saturating concentrations of NC7 resulted in the formation of an 
active tRNA-template complex that yielded enhanced 

production of full-length negative-strand strong-stop DNA [(-)ssDNA] 
and that this complex remained active even after the elimination of 
NC7 . While both of the two Zn finger motifs found within NC7 were 
essential for efficient elongation, NC protein that contained a 
point mutation in the first Zn finger or that was devoid of both Zn 
fingers yielded primer-template complexes that could still be 
initiated in 1-base-extension assays. In contrast, the use of heat 
annealing to produce primer-template complexes resulted in 
proportions of full-length (-)ssDNA lower than those seen with NC 
protein, and the addition of NC protein to such preformed 
primer-template complexes was able to reverse this defect only to a 
marginal extent. 
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The yeast Ty3 retrotransposon contains a 5 '-3' 
bipartite primer-binding site and encodes 
nucleocapsid protein NCp9 functionally homologous to 
HIV-1 NCp7. 

Gabus, Caroline; Ficheux, Damien; Rau, Michael; 
Keith, Gerard; Sandmeyer, Suzanne; Darlix, Jean-Luc 
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EMBO (European Molecular Biology Organization) 
Journal, (Aug. 17, 1998) Vol. 17, No. 16, pp. 
4873-4880. 
ISSN: 0261-4189. 
Article 
English 

Retroviruses, including HIV-1 and the distantly related yeast 
retroelement Ty3, all encode a nucleoprotein required for virion 
structure and replication. During an in vitro comparison 
of HIV-1 and Ty3 nucleoprotein function in RNA dimerization and cDNA 
synthesis, we discovered a bipartite primer-binding site (PBS) _ for 
Ty3 composed of sequences located at opposite ends of the genome. 
Ty3 cDNA synthesis requires the 3' PBS for primer tRNAiMet annealing 
to the genomic RNA, and the 5 f PBS, in cis or in trans, as the 
reverse transcription start site. Ty3 RNA alone is unable to 
dimerize, but formation of dimeric tRNAiMet bound to the PBS was 
found to direct dimerization of Ty3 RNA-tRNiMet. Interestingly, 
HIV-1 nucleocapsid protein NCp7 and Tyr3 NCp9 were interchangeable 
using HIV-1 and Ty3 RNA template-primer systems. Our findings impact 
on the understanding of non-canonical reverse transcription as well 
as on the use of Ty3 systems to screen for anti-NCp7 drugs. 
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AB Resistance of HIV-1 reverse transcriptase (RT) to nucleoside 

analogs (e.g. AZT, ddC and 3TC) is conferred by various amino acid 
substitutions or combinations thereof on the RT molecule, The M184V 
mutation, that confers high and low-level resistance to 3TC and ddC, 
respectively, can restore sensitivity to AZT when introduced into RT 
against a background of AZT-resistance . The K65R mutation, that 
confers low level resistance to both 3TC and ddC, can also restore 
sensitivity to AZT. This information is of potential utility in 
choosing combinations of anti-viral drugs for clinical use. To 
explore this subject further, we have used an endogenous RT reaction 
to study mutated viruses containing M184V alone or M184V combined 
with each of the K65R, E89G or both the M41L and T215Y 
substitutions. Endogenous assays possess the advantage of utilizing 
genomic RNA as template in a reaction mixture that includes each of 
tRNA(Lys.3) and viral nucleocapsid 

protein, necessary for specific. initiation of reverse 
transcription, as well as all other viral proteins that might impact 
on this process. We now show that viruses containing both M184V and 
K65R displayed synergistic resistance to 3TC triphosphate (3TCTP) , 
while the same combination yielded the same level of resistance to 
ddC triphosphate (ddCTP) as that manifested by K65R alone. The 
combination of M184V and E89G displayed synergistic resistance 
against ddCTP but not 3TCTP, while viruses containing only E8 9G were 
highly resistant to 3TCTP and displayed low-level resistance to 
ddCTP. The results show that endogenous RT assays can reveal 
variable synergistic, antagonistic, or neutral effects in regard to 
drug sensitivity, depending on the presence of specific amino acid 
substitutions in RT itself. (C) 1998 Academic Press Limited. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB The nucleocapsid protein NCp7, which is the major genomic RNA 

binding protein of human immunodeficiency virus type 1, plays an 
important role in several keys steps of the viral life cycle. Many 
of the NCp7 activities, notably the nucleic acid annealing and the 
genomic RNA wrapping ones, are thought to be linked to a nonspecific 



Searcher 



Shears 308-4994 



